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ABSTRACT 
Waning fishing license sales over several decades has provided an impetus for 
reconnecting with Iowa’s 64% urban majority and a modern angler unable or unwilling to 
travel great distances to fish. One result has been the recent urban fisheries 
assessments and improvements in Iowa, active in some form for nearly a decade. The 
goal of the current state project is to establish sustainable fishery resources for Iowa’s 
urban areas. A cooperative effort between the Iowa Department of Natural Resources 
and Iowa State University focused on assessing a nine-county area in central Iowa from 
2010 to 2014. The study discovered 153 sites via remote sensing and reduced that to 
23 sites in four of the original nine counties by focusing on ponds owned by cooperative 
and communicative municipalities. A site selection matrix was developed to further 
prioritize these sites to focus time and funding on a limited number of ponds. Aspects of 
abiotic and biotic pond attributes and associated management techniques were 
incorporated, including: social, site amenity, watershed, water quality, vegetation, pond 
construction, and fishery features.  Enhancement and preservation of existing, well-
functioning resources was emphasized to best maximize return on investment of labor 
and capital. The top five sites were chosen to receive more focused management 
recommendations. These five highly ranked, priority urban fisheries provide many 
recreation opportunities for a wide range of communities.  This thesis explores the 
process of evaluating all of these sites, creating a rubric with which to grade them, and 
a statistically justified ranking system to prioritize them.  
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CHAPTER 1. GENERAL INTRODUCTION 
Urban fisheries and urban fishing programs are intensely interdisciplinary 
undertakings and developing them is a great challenge for many state and city natural 
resource management agencies (Lang 2008). Worldwide, traditional wildlife research 
efforts and resultant management methods did not tend to focus on urban-specific 
issues, especially in fisheries (Magle et al. 2012). In Iowa a dedicated urban fisheries 
project was not previously considered necessary due to the perceived rural nature of 
the state, and most urban fisheries were already being managed without acknowledging 
the need for a specialized approach (Schultz and Dodd 2008). However, in recent years 
Iowa’s population has shifted towards urban areas, with 61% of Iowans classified as 
urban residents in 2000 and increasing steadily to 64% through 2010 (U.S. Census 
Bureau 2000, 2010). Many potential anglers, and even the majority of existing anglers 
(72%), now live in urban areas nationwide (U.S. Department of the Interior 2002). 
Compounding this change in angler population dynamics is declining sales of fishing 
licenses.  Fishing license sales to urban anglers nationwide have experienced marked 
declines and the key to keeping this demographic engaged, i.e., buying a license and 
actively fishing, is to increase the number and quality of easy-access recreational 
opportunities within their cities (Balsman and Shoup 2008). 
Much of the Iowa Department of Natural Resources’ (DNR) past efforts have 
focused on larger, high profile lakes, e.g., Big Creek Lake in central Iowa or the Iowa 
Great Lakes in Northwest Iowa. While some of these locations may serve large urban 
population centers, others, e.g., Lake Rathbun in southeast Iowa, are quite remote and 
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rely on traveling anglers for their user base. These high-profile priority water bodies, as 
defined by Iowa’s Significant Publicly-owned Lakes (SPOL) system, are important to 
existing anglers and young family anglers alike, but often represent a significant 
investment of time to travel to and use (Bachmann 1980; Iowa DNR 2010). These time 
constraints are believed to be the primary factor in lost license sales and reduced angler 
recruitment and retention in urban populations (Balsman and Shoup 2008). 
Some of the most convenient opportunities for this fishery user base are found in 
smaller, neighborhood ponds based in parks or locations near their homes. The Iowa 
DNR’s Aquatic Education Program began collaborating with the City of Des Moines 
Parks and Recreation Department in 2007 to offer fishing and casting educational 
programing, averaging 3,400 participants yearly (T. Smith, City of Des Moines Parks 
and Recreation Department, personal communication). Later the same year, the city’s 
2007 survey on park use and user preferences indicated fishing and water quality 
concerns were high priority items that residents wanted addressed at local pond sites 
(R. Vine, ETC Institute, Olathe, Kansas, personal communication). 
In 2009 Iowa DNR biologists began assessing available urban fisheries with a 
traditional fisheries management approach. This was one of the first attempts to 
address the urban fishery issues in Iowa beyond angler education and the urban trout 
stocking programs. These other programs had proven successful for immediate license 
sales and angling activity, but not long-term gains. The urban fisheries project was 
expanded through collaboration with Iowa State University (ISU) Natural Resource 
Ecology and Management Department (NREM) in 2010-2014. These efforts included 
biological, physical, and chemical evaluations of target water bodies and watersheds, as 
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well as assessment of community and managerial support as provided by surrounding 
neighborhoods and jurisdictions. Results of these assessments were used to narrow the 
list of possible sites to a more workable number.  
The primary focus of the project from 2009 thru 2011 was identification of 
possible urban fishing resources in the Des Moines, Iowa metropolitan area.  This 
preliminary assessment provided valuable insight into the process of urban fisheries 
management at 22 sites and assisted in implementation of several pond renovation 
plans at designated sites including full pond and watershed renovations at Greenwood 
Park (Des Moines), Lakeview Pond (Urbandale), Thomas Mitchell Park (Polk County), 
Two Dam Pond (Polk County, renamed Discovery Pond), Fort Des Moines Park (Polk 
County), and Des Moines Area Community College (DMAAC) Lake (Ankeny). 
Knowledge gained from this project allowed investigators to expand their scope to a 
nine-county area in central Iowa including: Boone, Dallas, Jasper, Madison, Marion, 
Marshall, Polk, and Warren counties.  
Satellite-imaging software (Esri’s ArcGIS (Geographic Information System) 
Version 10.0) was used to locate water bodies within and near city boundaries. Initial 
assessment in 2012 revealed 153 total water bodies.  This number proved to be 
constantly in flux, as more ponds are being built yearly as part of city and housing 
development stormwater management plans. These stormwater ponds are used to 
store an excess of rainfall, and their water level level increases immediately after a 
storm and slowly returns to normal pool afterwards as a mechanism to reduce 
downstream flooding. A method of site selection was needed to narrow site numbers to 
a more manageable level, which is where the information from the 2009-2011 study was 
4 
 
used. Knowledge of what was needed for a basic level of service to Iowa’s urban 
anglers allowed us to eliminate many sites immediately. Essential parameters included: 
lack of riverine flooding, local managerial support, public access, suitable size, and 
proximity to urban centers. Additionally, emphasis was placed on sites with potential to 
be improved within the constraints of existing and potential funding methods. This is 
important because pond renovations can be expensive. Those sites controlled by a 
local partner, i.e., a city government, were ranked higher than most owned by private 
entities due to constraints of certain grants, presence of local assistance, and reliably 
open public access.  Potential areas with existing improvement plans, financial 
commitments from municipalities, availability of grant money, or active 
construction/renovation projects were also ranked higher. 
Finally, an effort to capture information on the willingness of potential local 
partners to implement best management practices (BMPs) and other site improvement 
strategies was undertaken via phone, email, and face-to-face meetings. An overall 
interest in pond and whole watershed ecosystem health was obvious in willing partners. 
Indifference or hesitation, along with lack of appropriate sites, often eliminated other 
potential partners. While this project needed to set boundaries on the number of sites 
assessed, future investigators need to remain willing to consider any sites in situations 
where the local support has the potential to increase. A goal of 15 sites (or 10% of 153) 
was set by a contract with the Iowa DNR; however, in the end, 23 sites were added as 
well as continued evaluation at several of the 22 previous sites due to active or 
impending renovation and improvement projects. 
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Background 
Nationwide, the first urban fisheries programs were developed by the U.S. 
Bureau of Sport Fisheries and Wildlife Service in 1969 due to the active and rapidly 
changing civil rights situations in many inner-cities (Pape and Eades 2008).  These 
fledgling programs have gone through many changes since this time and now 
encompass many program models in control of state or community and locally led 
initiatives (Carter 2012).  A selection of studies of these programs has identified several 
goals and objectives commonly important to these program’s successes (Eades et al. 
2008b; Gilliland 2008; Hunt et al. 2008): 
Goals 
 Increased and enhanced fishing opportunities in populated areas 
 Natural resources education advancement and participant retention 
among all age groups of new anglers 
 Increased natural resources stewardship among participants 
Objectives 
 Assess angler and community interests and desires at potential locations 
 Create, discover, or improve suitable sites that provide: access, safety, 
and desired amenities 
 Develop partnerships with local stakeholders and administrators  
 Organize events and promotions with local organizations to promote the 
resources 
 Develop sustainable funding initiatives to maintain program presence and 
site suitability 
 
There are six states that have developed highly successful urban fisheries 
programs.  Arizona, Florida, Kansas, Minnesota, Nebraska, and Utah all have had or 
continue to have success implementing these, or similar, goals and objectives: 
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 Arizona- The state currently has 36 designated community fishing 
program lakes in 15 cities that are sustainably supported by a special 
Community Fishing license.  Due to limited resources and high pressure, 
these lakes are intensively stocked for 9 months of the year (Gilliland 
2008; Carter et al. 2012).   
 Florida – The state Fish and Wildlife Conservation Commission 
concentrates its efforts on Orlando and surrounding areas with its “Fish 
Orlando!” program, focusing primarily on five main waterbodies and 
secondarily on many others.  These programs are promoted through 
cooperation with several local municipalities as well as businesses, 
volunteer, and civic groups (Sweatman et al. 2008; Carter et al. 2012). 
 Kansas - State efforts have focused on stocking 77 lakes in 15 urban 
counties.  Channel catfish (Ictalurus punctatus), hybrid sunfish (Lepomis 
spp.), and hybrid striped bass (Morone spp.) are stocked from April 
through October in municipalities with over 40,000 residents.  Additional 
trout stockings from November thru April also occur in the cities of Topeka 
and Kansas City (Carter et al. 2012).  The management goal for these 
urban fisheries remains primarily focused on a “put-and-take” fishery. 
 Minnesota – The state developed Fishing in the Neighborhood (FiN) 
program focuses on the Twin Cities metro area is coordinated by the 
Minnesota Department of Natural Resources. Efforts focus on stocking 
and water education events with local schools and municipalities across 
seven counties.  Educational pursuits attempt to incorporate practical 
outdoors skills with aquatic ecology, fisheries management and aquatic 
stewardship (Kelly and Sigurdson 2008; Carter et al. 2012). 
 Nebraska – State funding has supported enhancements of urban 
fisheries using fishing license fees, state lottery proceeds, and 
cooperative funding from other grants and private organizations (Eades et 
al. 2008a).  Efforts of the program primarily focused on enhancing existing 
waterbodies with dredging, shoreline reconstruction, habitat 
improvements, and access improvements.  This was accomplished 
through the Community Lakes Enhancement and Restoration (CLEAR) 
Program.  Over 30 sites were targeted for these restorative efforts with a 
focus on increased water quality and clarity, which benefit fisheries quality 
(Carter et al. 2012; Nebraska Department of Environmental Quality 2012).   
 Utah – State efforts have focused on fostering partnerships with local 
municipalities.  Though no sustained funding is in place, some managers 
are working towards an urban fishing license with local, federal, and state 
match funding (Carter 2012).  Utah also uses local fishing clubs to better 
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distribute fisheries and environmental education through a state to local 
partnership initiative (Carter et al. 2012). 
Goals and Objectives 
To develop an urban fisheries program in Iowa, a research goal and associated 
objectives were drafted to provide direction to the proposed project.  The overall goal of 
this project was to improve urban fisheries quality in central Iowa.  As the largest 
metropolitan area in the state, Des Moines was chosen to be a pilot area for a future 
statewide initiative.  To accomplish this goal, three objectives were developed to better 
assess the available resources essential for an urban fisheries program.   
The first objective was to assess the abiotic characteristics of an urban fishery, 
including social and local administrative support for such an effort.  An in-depth 
assessment of the social characteristics of urban fisheries in Des Moines was 
undertaken from 2010-2012 (Carter 2012).  Further expansion of the study area after 
that period added sites, requiring a re-evaluation of the abiotic characteristics of an 
urban fishery.  As the study area expanded to nine counties of central Iowa, additional 
work to assess the administrative support and the physical characteristics of the 
associated watersheds, ponds, and water quality was carried out as part of the following 
research. 
The second objective was to assess the biotic characteristics of an urban fishery, 
i.e., fish, vegetation, and overall ecosystem health.  As these assessments were more 
field labor intensive than the abiotic investigations, an initial site reduction process took 
place to narrow the list of sites for biotic investigations.  Assessment of the biotic 
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characteristics took place at 23 sites over the course of the study. Using data from the 
previous stage of the study allowed for the integration of information from 22 previously 
investigated sites. 
The final objective was to create a site selection matrix and ranking system to 
prioritize each of these sites for future improvement by Iowa’s urban fisheries program.  
This matrix and its inclusion of both abiotic and biotic factors allowed for rapid 
assessment of urban fisheries and efficient selection of priority sites.  These sites were 
chosen to eventually receive attention and funding for future renovations. 
Thesis Organization 
 This thesis is organized into five chapters. Included is a general introduction and 
conclusion chapter, along with three individual studies. Chapters two through four are 
formatted according to the American Fisheries Society’s North American Journal of 
Fisheries Management. Each chapter is followed by a references section and table and 
figures section. Chapter 2 will focus on the abiotic factors of urban fisheries 
management, as cited in the first objective.  These include social characteristics, 
physical waterbody characteristics (depth, etc.), watershed characteristics, and water 
quality metrics. Chapter 3 will focus on biotic factors of urban fisheries management: 
fish, vegetation, and ecosystem assessments.  These topics were assessed with 
traditional and standardized methods outlined in the chapter.   
To further the third objective of this study, Chapter 4 will incorporate the two 
previous chapters and discuss the relationships between the biotic and abiotic factors of 
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urban fisheries and will lay out the evaluation matrix used for urban fisheries site 
selection.  Common tenets of fisheries management in Iowa involve the improvement of 
abiotic factors, like water quality, to consequently improve fisheries (biotic) quality.  
These linkages will be discussed in this chapter as they relate to the field of urban 
fisheries management within the context of the evaluation matrix.  The matrix was 
developed by the study for rapid assessment and ranking of a large number of potential 
sites using multivariate statistical procedures.  For future expansion of the urban 
fisheries program in Iowa, this matrix has been enhanced into a tool for site selection 
that is applicable to any Iowa metro area and modifiable based on the desires of local 
management. 
Finally, Chapter 5 will present a review of the findings of the study and 
demonstrate how it assisted in fulfilling the goals and objectives outlined herein.  
Additionally, future advancement of these overall goals will be addressed.  Discussion 
of the needs of Iowa’s urban fisheries and their requisite improvement will be detailed.  
Since the goal of the project is to improve urban fisheries quality statewide, a discussion 
of the statewide implementation of the site selection matrix will take place. 
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Abstract 
Small waterbodies, e.g., ponds, are common additions to housing and 
commercial developments in modern city planning.  Stormwater control and aesthetic 
functions of these ponds are often prioritized over ecosystem benefits or angling 
opportunities.  City managers often possess a limited knowledge of pond ecosystems 
due to limited experience in applicable fields. Urban ponds can have high rates of 
nutrient input and sedimentation similar to waterbodies in landscapes dominated by 
intensive, industrial agriculture common in Iowa, i.e., farm ponds.  These nutrient inputs 
often result in poor water quality conditions that impact fisheries, ecosystem health, 
aesthetic appeal, and stormwater function.  With the goal of improving Iowa’s urban 
fishery resources, an investigation of waterbody abiotic characteristics was conducted in 
central Iowa’s urban areas.  The objective of this study was to develop a rapid and 
efficient assessment of the abiotic factors (social, physical, and chemical features) of 
urban lakes and ponds.  This information was then used to develop an evaluation matrix 
to guide implementation of future management practices that work towards the goal of 
improved fisheries quality in Iowa’s urban areas. Investigations of the abiotic 
characteristics of urban fisheries share many aspects with rural waterbodies.  Scale and 
input source may differ; however, common themes of sedimentation and cultural 
eutrophication persist.  Along with identifying needed urban management partners, the 
development of a community based approach to the management of abiotic aspects of 
pond development should be the highest priority for a co-management group working to 
improve urban fishery quality.   
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Introduction 
Urban areas nationwide often have a large number and variety of waterbodies 
essential to stormwater processing functions, aesthetic beautification, neighborhood 
recreation, and urban ecosystem health.  Although urban areas vary in climate and size, 
the various urban waterbodies are typified by being larger in average surface area than 
those found in surrounding landscapes pre-settlement (i.e., fewer potholes <0.5ha, 
especially in northern prairie states like Iowa that historically had many).  As a 
consequence of urban development there is a prevalence of lakes and ponds over 
wetlands and large reservoirs in the U. S., particularly in small and medium metropolitan 
statistical areas (MSA); 50,000-250,000 and 250,001-1,000,000 residents respectively 
(Steele and Heffernan 2014).  This mirrors general global trends of lake size and 
abundance (Downing et al. 2006). 
Urbanization and the development of watershed land area can have a variety of 
effects on the waterbodies already present.  Some historical investigations indicate that 
the smaller waterbodies (<0.5 ha) and wetlands are either removed or avoided due to 
development cost.  Meanwhile large rivers and lakes, as common settlement locations, 
and medium waterbodies are often incorporated into the city landscape as it grows 
(Downing 2010; Steele and Heffernan 2014).  City administrators are often tasked with 
management of a number of lakes and ponds, often man-made or highly modified, 
which are highly visible and heavily used.  In turn, there is a historic preference for a 
research and management focus on more natural or semi-natural lakes in non-urban 
settings. Urban lake managers, who often have no background in ecology, are 
challenged by how to appropriately manage these systems for the benefit of public use 
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(Birch and McCaskie 1999; Magle et al 2012).  Size, function, and ecology of urban 
lakes has been shown to differ from natural lakes in similar regions, further challenging 
these managers with management concerns that may not be as prevalent in the 
surrounding, undeveloped landscape (Birch and McCaskie 1999; Eades and Lang 
2012; Steele and Heffernan 2014). 
In Iowa, urban fisheries share similar abiotic factors with most other types of 
fisheries in the same region, but some significant differences do exist.  These 
differences include aspects of function, management, morphology, and anthropogenic 
pressures that make them distinct from traditional rural fisheries, but many parallels can 
be drawn between farm and urban ponds of similar size (USEPA 2009; Eades and Lang 
2012; Steele and Heffernan 2014). Context, therefore, becomes most important when 
distinguishing urban from rural pond fisheries.   
The objective of this study was to assess the abiotic characteristics of an urban 
fishery, including social and local administrative support for an urban fishery.  
Information from this study will be combined with information from previous studies to 
develop an evaluation matrix for rapid assessment of Midwestern urban ponds.  In turn, 
this matrix can be used as a guide to collect pertinent data on the biotic and abiotic 
features of central Iowa’s urban ponds.   
Methods 
 Abiotic characteristics as represented in the proposed matrix include social, pond 
physical structure, watershed, and water quality metrics.  Each of these categories is 
represented by several matrix references (Table 1).  Standardized practices were 
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developed to gather data within each of these categories and, where applicable, 
common fisheries management and research standards were prioritized per American 
Fisheries Society (AFS) guidelines (Bonar et al. 2009). 
Study Area  
The initial study focused on ponds within the Des Moines, Iowa city limits in the 
period of 2009-2012 with some sites in the surrounding metropolitan area.  Research 
was later expanded to include all of the Des Moines metropolitan area as well as the 
surrounding counties in 2012-2014; Boone, Dallas, Jasper, Madison, Marion, Marshall, 
Polk, and Warren counties (Figure 1).  Initial assessment identified 153 waterbodies in 
proximity to cities of over 5,000 residents in the study area.  These sites were then 
narrowed to those near seven cities in four counties:  West Des Moines, Dallas County; 
Ames, Story County; Polk City, Ankeny, Altoona, and Urbandale, Polk County; and 
Indianola, Warren County. The Iowa Department of Natural Resources (DNR) also 
requested assessment of two ponds in Ankeny not controlled by the city.   
All sites were investigated in two phases with the first phase used as benchmark 
information for statistical modeling, assessed between 2009 and 2012 (Table 2).  In the 
second phase, additional sites were assessed between 2012 and 2014 (Table 3).  In 
total 45 sites were evaluated; 22 sites were evaluated during the first phase and 23 
sites were evaluated during the second phase.   
Social 
A full investigation of social capital and societal impacts on urban fisheries was 
beyond the scope of this particular study.  To approximate societal impacts for the 
18 
 
context of the matrix, emphasis was instead placed on an assessment of institutional 
managerial support.  An interview rubric was developed to guide conversations with 
institutional managers during the information gathering phases of the project (Table 4).  
This rubric was granted exempt status by the Institutional Review Board (IRB) in 2010. 
Additionally, some study sites received further social information gathering via 
creel or angler surveys, and mail based or online public informational gathering surveys.  
These sources of information were taken into account when developing the matrix 
categories and during initial site selection, but the nature of this project and its need for 
efficient and rapid information gathering did not allow for in-depth evaluation of these 
sources or resultant data.   
A more complete investigation of social capital and the agency and community 
collaboration required to develop successful urban fisheries in Iowa has been 
completed in a partner study in a thesis by Angie Carter of Iowa State University (2012).  
Activities included one-on-one interviews of stakeholders including managers and users 
from state, local, and industry levels.  Neighborhood focus group discussions and a 
survey of other region’s programs were also conducted.  These findings will be 
summarized briefly in the discussion section. 
Pond Structure 
Waterbodies near central Iowa’s urban areas include those ranging in size from 
the 6,000-ha Red Rock Lake near the cities of Pella and Knoxville to the 0.5-ha Witmer 
Lake near downtown Des Moines and others that are smaller.  It was important, then, to 
identify what a “pond” was for the context of the study.  Willis et al. (2010) identified 
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ponds as waterbodies with surface area up to 40 ha.  While this range is functional as a 
traditional definition, in practice Iowa’s public water bodies greater than 5 ha in surface 
area are generally included somewhere in the list of “priority” water bodies (often 
referred to as Significant Publicly-owned Lakes (SPOL)), i.e., those that are considered 
within the bounds of regional fisheries biologists’ purview (Bachmann 1980; Iowa DNR 
2010).  In turn, ponds often have variable depths but should have maximum depths of at 
least 0.6 m to differentiate them from shallow marsh ecosystems (Lusk et al. 2012). The 
objective of the study and the Iowa DNR was to evaluate waterbodies not included in 
the priority water bodies or SPOL system as part of an overall goal of improved urban 
fisheries for the state of Iowa.  Therefore, a generalized surface area limit for study 
ponds of less than 5 ha was used, while flexibility allowed for fringe cases (e.g., Fort 
Des Moines pond at 5.5 ha). 
Additional consideration of the type of waterbody in question was used in the 
initial site selection phase.  Frequent flooding, prevalence of invasive species, and other 
management difficulties led to a decision by primary Iowa DNR stakeholders to remove 
most pit-type lakes, oxbows, and river backwaters from consideration for this particular 
study.  A select few of these were considered in the original 2009-2012 study to expand 
pond numbers due to the limited search area.  Most were eliminated as part of that 
process and the data from this process was used to further refine the matrix selection 
and ranking process. 
Considerations of pond shape and structure often begin with an analysis of depth 
(Boyd and Boyd 2012).  For this study, bathymetric mapping was completed where 
needed using a handheld Global Positioning System (GPS) unit, Garmin model 
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GPSMAP 76cs aided transects (Garmin International, Inc., 1200 E. 151st St., Olathe, 
Kansas 6062-3426).  A simple boat mounted Lowrance X-4 Pro depth sounder was 
used to survey depth (Lowrance Electronics, 12000 E. Skelly Dr., Tulsa, Oklahoma, 
74128), and rough depth maps were later digitized from point data using ArcGIS version 
10.0 and included geoprocessing tools (Esri, 380 New York St., Redlands, California 
92373-8100). While not perfect representations of pond structure, these rough maps 
provide vital information for fisheries managers that range from predicting fish kill 
potential, guiding installation of fish habitat structures, and guiding watershed protection 
efforts. Comparison to historical maps can also be used to estimate sediment loading 
over time.  
Additionally, higher precision mapping was conducted at many sites and has 
been used in several existing pond renovation projects.  This process was 
accomplished using grid-point based depth finding with a measuring pole thru winter ice 
and handheld GPS technology, later digitized into ArcGIS and geoprocessed.  Sites 
mapped with this higher precision method were all in the historical data set from 2009-
2012; therefore, they informed the statistical model, but did not bias results of the 
selection process for the 2012-2014 sites. 
Watershed 
Watershed assessment was completed for the study area using ArcGIS mapping 
tools. Elevation maps were used to delineate watershed area, defined by the land area 
discharging water to a single point. Ground-based visual surveys were conducted where 
needed to note any sediment or erosion control structures like bank stabilization 
plantings, sediment trap ponds, or erosion preventive rock placement. Sediment 
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deposition was apparent at all pond sites, including those selected for special 
management consideration. Implementation of sediment control structures is often a 
key part of watershed renovation. These structures were implemented in previously 
completed or in-progress renovation projects at phase one sites (2009-2012 sample 
period) including Greenwood, Fort Des Moines, Two Dam, and Thomas Mitchell.   
Additionally, data from water quality and vegetation surveys was used as 
indicators of other watershed problems, e.g., nutrient pollution. Further assessment of 
the wider watershed areas via aerial maps and GIS techniques was completed for all 
priority and secondary sites. Urban sites often had watersheds not typically associated 
with ponds and lakes; with few exposed streams and primarily tile and storm sewer 
inputs instead of definable gullies, where land use was a primary factor in determining 
watershed status.  Additional analysis of stormwater systems to determine other 
potential sources of pollutants or possible mitigation opportunities was beyond the 
scope of this project. 
Watershed analysis with the ArcGIS program and geoprocessing tools was done 
to determine estimates of watershed area, watershed land use, and steepness as 
indicators of potential active erosion sites, i.e., basic indicators of potential erosion and 
watershed pollution sources. Slope data generated using GIS technology was not used 
to estimate sedimentation rates due to potential inaccuracies; however, the information 
was used to advise a pond’s watershed score on the rubric scale. Values for watershed 
to lake area ratio, watershed land use, lake area, and lake volume were estimated and 
taken into consideration for rubric scores because they are important metrics for 
determining viability of water bodies as sustainable fisheries (USEPA 2009; Gémesi et 
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al. 2011; Beem and Blaser 2012; Stone et al. 2012; Carey et al. 2013).  Land use and 
watershed area have influences on potential pollutant types and their volumes. Lake 
acreage and volume can help estimate the resultant impact of those pollutants, i.e., the 
level of dilution.  Additionally, a higher amount of watershed area under control of the 
local management partners, e.g., city owned land, often allows for easier management 
plan implementation and better watershed renovation results. 
Water Quality  
Water quality is another important metric of pond health that will be represented 
by the matrix. Cost and time saving shortcuts were taken in this study’s assessment of 
water quality to emphasize efficiency required by involved stakeholders.  Excessive 
nutrients (nitrogen and phosphorous) were primarily represented by abundance of 
aquatic vegetation or algal blooms (Stoianov et al. 2000; Gill et al. 2005; Madsen et al. 
2012).  Water clarity via secchi disk depth and total dissolved solids (TDS) were also 
used to approximate watershed inputs and sedimentation.  Finally, dissolved oxygen, 
temperature, and pH profiles were gathered to assess any potential problems with diel 
condition shifts that could be dangerous to biota. 
Water quality assessment took place at the priority sites via standard methods to 
establish potential problems in managing the fishery (Hubert and Quist 2010). The 
primary source of water quality information for sites evaluated in 2012-2014 (Table 3) 
was assessed rapidly with the Yellow Springs Instruments (YSI) equipment listed below 
to maintain a high level of efficiency. More in-depth laboratory water quality information 
was available for some of the benchmark sites listed in Table 2 and was used for their 
overall assessment and statistical model calibration.  Water quality data analyses was 
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completed using comparisons to state of Iowa historical data found in the Iowa Lakes 
Information System as well as U.S. Environmental Protection Agency (USEPA or EPA) 
guidelines (Iowa DNR and ISU Limnology various dates: 
http://limnology.eeob.iastate.edu/lakereport/; EPA Water Quality Criteria various dates: 
http://water.epa.gov/scitech/swguidance/standards/criteria/).  Additionally, inter-site 
comparisons allowed for strategic categorization of each site within the bounds of the 
assessment rubric structure. 
Equipment and procedures used for water quality data collection: 
YSI Environmental Incorporated: YSI 556 MPS Operations Manual (2009): 
 DO Profile (half-meter increments), pH, Temp, Conductivity, TDS 
(conductivity conversion) 
 
Hach Company procedures for use with Hach lab equipment (Hach 2012): 
 Total phosphorous, nitrate, nitrite, ammonia, turbidity, chloride, alkalinity, 
hardness 
 
Wisconsin State Lab of Hygiene (1993) methods for: 
 TSS  
 
Field water collection Standard Operating Procedures:  
 Triple rinse all equipment with onsite water 
 Two-meter column sample, bucket mixed, and poured into sealed 
containers 
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Results and Discussion 
Social 
The primary goal of the social investigation of this part of the project was to 
assess managerial support for urban fisheries renovations and community fishing 
initiatives in central Iowa.  Remote imaging and institutional managerial contact’s 
assessment of publicly owned water bodies initially led to elimination of several counties 
of the nine-county study area. Lack of appropriate locations was a primary factor in 
eliminating Boone, Jasper, and Madison counties, and additional difficulties with 
communication and local interest in Marion and Marshall Counties were instrumental in 
these decisions. The remaining four counties include Dallas, Polk, Story, and Warren.  
Results of the assessment of institutional managerial support within the context of the 
matrix categories for both phases can be found in Table 5.   
The willingness of local institutional management to work with any given sites 
proved to be one of the primary factors in determining site priority in the initial phase 
(2009-2012) of the study.  An unwilling partner often means that project goals can be 
unreachable without significant effort from upper level management, e.g., Iowa DNR 
(Carter 2012).  Although many of the sites overlooked as a result of this lack of 
institutional support did not score highly in the matrix categories for other aspects of a 
pond, it is possible that a high average score site could be overlooked or removed from 
priority lists based solely on the lack of community support.  More discussion of how the 
matrix evaluates this possibility will be found in Chapter 4; however, other research 
supports this, identifying community level support as a key component of continued 
urban fishery health (Eades et al. 2008a; Carter 2012; Eades and Lang 2012). 
25 
 
Pond Structure 
A wide range of pond structures were encountered in this study.  Often local 
managers would attest to a pond’s maximum depth or original structure, and 
occasionally produce an engineer’s draft of original design depth.  Examination of the 
actual pond often disagreed with these accounts and designs.  While sedimentation 
could be implicated in this loss of depth, occasionally ponds that were relatively new 
constructions, e.g., less than 5 years old, were shown to have actual depths that varied 
>0.5 m from original engineering designs.   Sedimentation rates vary based on 
watersheds, but intensively farmed Iowa watersheds showed average rates of 0.0062 
m/yr across 32 Iowa lakes (Heathcote 2013; McAlister et al. 2013).  Therefore, the 
actual and current maximum and average depths were sampled and calculated, and 
additional contour information drafted for each lake studied in the 2012-2014 sampling 
period. 
Within the context of the matrix, these figures were generalized into the 
associated categories for rapid analysis.  Each generalized category had set bounds 
based on water quality, biotic, and lake function parameters affected by depth such as 
winter kill potential or vegetation overgrowth potential.  The importance of these 
categories was highlighted in the benchmark data collected from lakes in the 2009-2012 
sampling period.  Many oxbows or shallow constructed lakes were eliminated almost 
solely based on low (i.e., less than 1 m) maximum and average depths.   
Additional information on pond contour and structure was gathered from 
mapping.  Pond shape is typically of secondary concern to maximum and average 
depth, but also has many connected impacts.  Local fisheries management staff 
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expressed that moderately steep slope from shoreline is a primary management 
concern along with deep maximum depths (“steep and deep” design).  This is reflected 
in the literature, as 3:1-4:1 slopes are the common recommendations and a minimum of 
0.6 m depths in the shallowest region of the pond are suggested for pond building 
(Clayton 2009; Eades and Lang 2012; Lusk et al. 2012; Stone et al. 2012).  These 
slopes and near-shore depths are recommended for fish habitat, access, and vegetation 
management reasons.  Local community managers expressed concerns for park user 
safety, particularly with young children around pond edges, angler or otherwise.  A 
steep slope and deep near-shore depths may increase chance of drowning; however, 
the 3:1-4:1 slope ratios are designed to maintain shoreline integrity (e.g., reduce soil 
slumping) and maintain safety (Lusk et al. 2012; Masser and Higginbotham 2012). 
Other pond structure features include trenches and mounds to add variety to 
bottom contours.  These often serve as fish attractors and tend to concentrate schools 
and can improve angler success (Kline and Polton 2005).  While these features were 
searched for via depth finding transects, their considerations were folded into matrix 
categories highlighting pond structure and habitat abundance.  Additional use of these 
features may be included in management plans and renovation goals.  All results from 
the analysis of physical pond structure can be found in Table 5. 
Watershed 
Watershed investigations are extremely important for fisheries managers.  A 
pond’s water quality is directly linked to its watershed land use, soil type, and land cover 
(Stoianov et al. 2000; Arbuckle and Downing 2001; Fiener et al 2005; Gemesi et al. 
2011; Neal and Willis 2012; Heathcote 2013; McAlister et al. 2013).  This is true 
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whether or not the primary water source of the pond is surface runoff or not, as 
unconfined groundwater quality is most often closely linked with surface water due to 
unconfined groundwater being directly in contact with surface waters.  All of the ponds 
in our study area have primary water sources from surface water due to their functions 
of stormwater control, but groundwater sources may also factor into their available 
water supply; however, this was not assessed (Arnold et al. 2000).  
Many urban ponds in the central Iowa area were repurposed to aid in stormwater 
control and may even have stormwater tiles routed directly into the pond.  These pond 
systems are in direct contact with the surface conditions of the watershed and whatever 
is on it.  Sediments, lawn fertilizers, road salts, and many other pollutants originate in 
the watersheds (Boyd and Boyd 2012).  Each of these can have large impacts on the 
biota and water chemistry.  Additional flow from unconfined groundwater also has a 
close association with watershed conditions, and therefore was not considered separate 
from total watershed effects on water supply (Arnold et al. 2000). 
Urban watersheds tend to be particularly flashy, i.e., possessing high flows 
resultant of impervious surfaces, channelized streams, and storm sewer tiles as well as 
larger watershed to lake area ratios (Booth and Reinelt 1993; Carey et al. 2013).  A 
USEPA report listed municipal and urban sources of pollutants as second only to 
agricultural sources when comparing non-point pollution.  Additionally information from 
the same report indicates that non-point source pollution from watersheds account for 
90% of polluted waters in the U.S. (USEPA 2009). These considerations must be taken 
into account when dealing with any watershed, as non-point source pollution is more 
difficult to explain and account for than point source (e.g., directly from a tile or outlet).  
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Urban areas also introduce a wide range of pollutants less common in rural watersheds, 
including chlorides and a variety of heavy metals (Stone et al. 2012). 
As predicted, data from the watershed investigation portion of this study identified 
significant areas of impervious surfaces, privately owned, heavily disturbed construction 
areas, and/or manicured residential lawns.  For the context of the matrix, land use and 
watershed to lake area ratio were investigated for many of the focus locations that were 
not eliminated for prior concerns.  As GIS analysis of watershed features can be time 
consuming, some streamlining was implemented to maintain efficiency.  Primary 
concern was identifying potential problem areas within a watershed.  For example, Fort 
Des Moines pond has a large portion of its watershed composed of a municipal golf 
course with direct flow lines from the course to the pond.  Golf courses are often 
correlated with increases in nutrient and pesticide input (Booth and Reinelt 1993; 
Aitkenhead-Peterson et al. 2009; Carey et al. 2013).  Results from the watershed 
investigation within the context of the matrix can be found in Table 5. 
Water Quality 
 Most water quality impairments in Iowa lakes come from sedimentation and its 
associated nutrient enrichment that impact water clarity.  Other common causes of 
impairment include high pH levels, resultant of overabundance of algae and diel pH 
shifts related to photosynthesis, further indicating nutrient impairment (Heathcote 2013; 
Iowa Geological and Water Survey 2013).  Although few urban ponds in this study 
region are identified in Iowa’s list of impaired water bodies (due to these intensive 
studies being prohibitively expensive), many similar problems are mirrored from the 
rural waterbodies that are identified in the impaired list.   
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Total nitrogen (TN) and total phosphorous (TP) in stormwater runoff have been 
analyzed by several studies, and specific sources are difficult to pinpoint.  Studies have 
indicated a strong correlation of TN to lawn fertilizers, pet waste, vegetative waste, and 
atmospheric depositions.  Concentrations of TP in runoff are commonly sourced to 
fertilizers, pet waste, sedimentation, and sanitary sewer leakage (Carey et al. 2013; 
Heathcote 2013).  Of particular note are disturbance related TP loadings caused by 
construction.  As urban areas grow and sprawl, a near constant state of construction 
occurs in the areas that were previously in another form of land use.  The sediment 
export and resultant TP loading during this phase of land use has been identified as up 
to 10 times greater than other types of land use (Carey et al. 2013). 
These nutrient sources can all be linked to define “cultural eutrophication”: 
anthropogenic sources of nutrient enrichment in water bodies (Stone et al. 2012; 
Heathcote 2013).  This occurs in urban as well as rural environments; however, in urban 
sites the source, pathway, and destination of pollutants often reside in the same 
viewshed, i.e., the geographical area observable from a single point, due to the smaller 
scale of watersheds.  Nutrients that enter a pond, whether sourced from disturbance 
events or permanent land use, tend to accumulate into pond bottom sediments and in 
local biomass.  Further disturbance of the sediments, seasonal fluctuations in plankton 
and vegetation, and even fish kills can re-distribute and re-activate these sequestered 
nutrients which can further boost primary production and eutrophication (Stone et al. 
2012; Carey et al. 2013; Heathcote 2013). 
Evidence of cultural eutrophication was common in many of the project’s study 
sites.  Vast algae blooms, high turbidity, high sedimentation rates, overabundant 
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vegetation, and diel dissolved oxygen swings were all identified at various sites.  
Sources were typically non-point, except for very few circumstances where obvious 
stormwater inputs were present; for instance, tile runoff from heavily manicured and 
fertilized soccer fields or golf courses.  Within the context of the matrix, water quality 
concerns were often identified by the visually apparent: vegetation, water clarity, and 
visible sedimentation.  This was to maintain efficiency and cost effectiveness of 
analysis.  Additional lake profile metrics of pH, dissolved oxygen, temperature, and 
conductivity/TSS were used to highlight other areas of concern.  Results from these 
investigations at each lake represented by matrix scores can be accessed in Table 5. 
Conclusions 
Much of this study was devoted to identifying the primary abiotic characteristics 
of central Iowa’s urban fisheries.  Indeed, 9 of the 12 matrix categories were devoted to 
investigating abiotic characteristics of project waterbodies.  This indicates the 
importance of social, physical, watershed, and water quality metrics to the prioritization 
process undertaken by the institutional management during the 2009-2012 portion of 
the project and is further supported by statistical analysis identifying these abiotic 
characteristics as primary sources of variance in the site selection process.  Many biotic 
characteristics often fluctuate or are determined by changes in the abiotic 
characteristics, lending support to this abiotic-first management model.   
Social information for the surrounding community was gauged by many of the 
managerial staff surveyed, but was not surveyed or studied in any depth at most 
locations.  The complexity of social interactions and resultant community needs will 
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require additional investigation, and the resultant information will need to be 
incorporated into any future projects.  Acknowledging that complexity, investigators 
found that it was not within the scope of this study to make assumptions about a site’s 
social climate in most situations. Regardless, a varied interest in developing urban 
fisheries presented itself in the short time of the study.  Managerial support tended to 
follow budgetary flexibility, but overall social capital was shown to change based on 
demographics and historical uses of the sites (Carter 2012). 
A full investigation and assessment of existing social capital is a difficult and time 
consuming endeavor, and may be an unreasonable goal.  However, as management 
plans are developed and begin implementation phases, new social capital is built and 
emphasis should be placed on a process-oriented co-management approach in order to 
maximize effectiveness of the partner-based management process (Carter 2012).  
Productive partnerships have been shown to link directly to a sustainable program 
(Eades et al. 2008b; Sweatman et al. 2008).  Carter (2012) indicated a strong reliance 
on partner creation and communication as well as continued evaluation of partnerships 
and overall program success as keys to sustainability of Iowa’s program, particularly 
when encountering future budget restrictions or political climate shifts. Pre- and Post-
improvement creel, park user, and community member surveys were indicated as 
potential methods for assessing overall project success, and should be implemented by 
managers at appropriate sites. 
Further development of these and similar surveys and overall assessment of 
social capital will become vital for showing long term program results as well as 
justifying further funding support, but were beyond the scope of this project (Ballard 
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2008; Emme and Buynak 2008; Hunt et al. 2008; Carter 2012).  In the interest of data 
set expansion, additional community and stakeholder information should be gathered 
through a watershed resident survey (Table 6). An angler survey, or creel, is 
recommended to address the needs of this target user group.   Creel studies were 
conducted at Greenwood pond and are scheduled for Thomas Mitchell pond, summer 
2015.  These surveys provide valuable information on community dynamics at a specific 
site, and in conjunction with regular public information exchanges to inform and take 
input on any renovation proceedings can help assess the social capital behind a site 
renovation (Sabatier et al. 2005; Sweatman et al. 2008).  Similar surveys post-
renovation can indicate an increase in local stakeholder awareness, satisfaction, and 
stewardship for the site. 
Moving forward with urban fisheries management in Iowa, care should be taken 
to identify areas of abiotic concern that need to be further analyzed as part of 
management plans for priority sites.  As the site assessment matrix designed by this 
project was used to inform management on the priority of waterbodies, it can also be 
used to identify which features of overall pond health need more sampling or 
management attention, be it watershed issues or pond construction issues.  An overall 
picture of site suitability is assessed by the matrix, but individual categories also provide 
feedback on potential problem areas that will need to be assessed as management 
plans are developed and begin to be implemented.  Furthermore, post-management 
strategy and/or post-renovation data should be collected to verify results, justify 
expenditures, or promote further project goals. 
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Management and renovation plans for ponds often include modification of 
existing depth and modifying physical pond features.  Both maximum and average 
depths are important to fisheries health.  Ponds in the central Iowa region, and similar 
northern latitudes, are susceptible to winterkill if they are shallow and productive (Stone 
et al. 2012).  Winterkill is common across the state, so typical recommendations were 
considered when investigating maximum depth.  There is no one depth that will 
eliminate any chance of winterkill; however, several sources recommend between or 
more than 3.5-5 m for northern latitudes (Lusk et al. 2012; Stone et al. 2012).  Some 
locations in the study possessed shallower maximum depths than recommended.  
These were not outright eliminated as renovation was a potential end goal for these 
sites, which may include deepening.  The maximum depths encountered did, however, 
impact ranking and matrix scores. 
Average depth is also important for management considerations.  Average depth 
impacts water quantity which can have impacts on water availability during drought 
conditions.  It also has impacts on water quality and the ability to dilute incoming 
pollutants (Lusk et al. 2012).  Usable fish habitat can also be a concern.  Lakes often 
stratify at shallow depths during summer in this region, leaving a reduced amount of 
available structure if average depth is high enough to leave large amounts of the pond 
bottom below the thermocline.   
Future goals for local managers at the study sites should include high resolution 
depth and contour mapping.  These maps are often invaluable to fisheries managers 
and project design engineers, as restoring adequate depths and appropriate pond 
structure can be the most expensive endeavor in a renovation project.  Having accurate 
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representations of existing depth conditions can help determine source of vegetation, 
winterkill, habitat, and water quality concerns.  Additional use of accurate depth maps to 
estimate sediment removal costs has been employed by Iowa DNR staff in previous 
urban fisheries renovations, highlighting their usefulness.   
Watershed concerns are often associated with pond physical structure, as 
sediment sourced in the watershed can have a large effect on maximum and average 
depths, as well as contours and habitat features (Neal and Willis 2012).  Future analysis 
should be completed at prioritized watershed sites to establish important statistics for 
grant applications such as Total Maximum Daily Load (TMDL).  Pursuant to TMDL 
calculations, a full watershed erosion survey should also be conducted to highlight 
areas of greatest need for sediment control.   Sedimentation is the primary pollutant in 
Iowa lakes, and urban lakes are no different. Sediment control structures also serve to 
enhance water quality and mitigate issues like low water clarity or high vegetation 
density due phosphorous inputs (Fiener et al. 2005).  
Using the USEPA Spreadsheet Tool for Estimating Pollutant Load (STEPL) 
modeling, along with the Revised Universal Soil Loss Equation (RUSLE) and Stream 
Visual Assessment Protocol from the U.S. Department of Agriculture (USDA) can 
provide a more complete picture of watershed inputs (USDA 1978, 1998, 2009; USEPA 
2010). These processes, particularly STEPL, will highlight areas of gully erosion, which 
have historically been problematic for urban lakes with large storm sewer inputs in the 
watershed.  While estimates of portions of these parameters were used for this project, 
moving forward with priority site management will require more in-depth evaluation of 
watershed features using these or similar methods. 
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Many options for stream and watershed renovation exist and can be pursued 
with local Natural Resource Conservation Service (NRCS) and Soil and Water 
Conservation District staff.  Prairie Heritage Pond, for instance, has an existing rock 
check sediment retention structure upstream from the main lake.  Other sites have 
many potential locations for similar or other types of structures.  A maintenance plan for 
optimal performance for these kinds of structures should be developed as part of a long-
term management strategy.  
As with all lake renovations in the state of Iowa, emphasis on the watershed and 
water quality has proven to be the most effective way to address issues of pond health 
from vegetation and fish health to flood control and pond depth maintenance. Many of 
the priority sites are relatively new constructions, e.g., less than 25 years old. Marina 
Cove, for instance, was built within the last decade and sedimentation has already 
impacted its available water volume and shoreline profile. In the cases of Marina Cove 
and Prairie Heritage, large plumes of sand from winter de-icing have entered from the 
stormwater system into the ponds. Removal of the existing near-shore sand is advised 
to prevent future issues. Prevention of this form of sedimentation can be difficult with 
direct stormwater inputs into stormwater retention ponds like these; however, an 
aggressive street sweeping program in early spring or use of alternative ice melting 
products, e.g., brine solutions, can help limit the amount of sand washed into the ponds 
by snow melt and spring rains.  
To evaluate these watershed modifications, water quality monitoring should be 
implemented to capture temporal changes and resultant improvements that could be 
attributed to management actions and Best Management Plan (BMP) implementation.  
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An in-depth water quality sampling protocol should be instituted at each site as any 
management plans go forward. While TMDL measurements are required by some 
grants, a simplified water sampling protocol (Figure 2) can be used to identify pollutant 
inputs from the surrounding watershed and advise the process of watershed renovation.  
Additional water quality measurement tactics, e.g., tributary sampling, can help pinpoint 
problem areas and guide watershed renovation.  Water quality metrics are also the 
easiest way to show measureable improvement at sites as renovation plans are carried 
out in the watershed and lake. Even improvements in simple parameters, e.g., secchi 
depth, are often cited as milestones after a lake dredging or a watershed renovation 
(Birch and McCaskie 1999; Gill et al. 2005; Gémesi et al. 2011; Heathcote 2013).   
Investigations of the abiotic characteristics of urban fisheries share many aspects 
with more rural or typically prioritized waterbodies like those in Iowa’s SPOL list.  Scale 
and input source may differ; however, common themes of sedimentation and cultural 
eutrophication persist.  Identifying sources and developing a community based 
approach to the management of abiotic aspects of pond management should be the 
highest priority for a co-management group working to improve urban fishery quality.  
Using the matrix as a guide, problem areas can be identified and overall priority of 
management action can be implemented and justified with objectivity previously more 
difficult to obtain.  Lessons from often larger, more rural priority systems should be 
considered when developing these plans, as common methods of lake renovations like 
watershed improvements have been proven to translate well to smaller scale urban 
lakes. 
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Tables and Figures 
Table 1. The rubric categories in the urban pond evaluation matrix pertaining to abiotic characteristics.  Each category has 
scores of 1-5, represented by the terms Excellent, Acceptable, Needs Work, Needs Significant Work, or Unworkable 
with Excellent being 5 and Unworkable being 1.  Each score is represented by a descriptor. 
 Local Management Interest 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
The local management 
unit has spent significant 
time and money on site 
development already 
and/or has plans for 
future site improvement. 
Funding/in-kind 
cooperation for future 
work is earmarked. 
Local management 
has developed some 
basic plans for 
improvement and is 
securing funding, has 
funds earmarked, is 
looking for funds 
actively, or is willing to 
provide in-kind 
cooperation. 
Local management has 
ideas for improvements 
but no plans to 
implement them. No 
funding has currently 
been secured outside 
of the standard budget 
for park/location 
improvements. 
Local management is 
interested in doing 
some work, but has no 
concrete ideas as to 
what needs to be done 
or what they want to do. 
Funding or in-kind 
cooperation is 
questionable. 
Local management is 
uninterested in any 
improvements at the 
site and cannot make 
any investments. 
 
 Local Management Assessment of Neighborhood Interest 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Active neighborhood 
groups that would be 
willing to participate in 
some way with any future 
restoration projects and 
have already done similar 
things in the past. 
Neighborhood that is 
supportive of future 
work at the site, and 
possibly interested in 
participating in some 
way with said work, but 
have not done so to 
date. 
Neighborhood that is 
generally uninterested 
and/or undecided about 
a potential project at the 
site. Open to ideas, but 
so far no action. 
Neighborhood that is 
uninterested and 
possibly unwilling to 
participate with 
restoration efforts. 
Neighborhood 
completely unwilling 
to change existing 
management 
practices of area. 
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Table 1. (continued) 
 Location 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Plenty of parking, 
amenities, and access 
points (e.g. fishing piers, 
boat ramps) easily 
accessible to large, 
nearby user base.  
Some parking and 
amenities. Access 
points somewhat 
developed (e.g. gravel 
ramp, cleared 
shoreline) Short drive 
for potential user base.  
Very little parking and 
amenities. Fishing 
access acceptable for 
shoreline anglers only. 
Some distance from 
residential areas. 
Street parking only. No 
amenities. Overgrown 
shoreline (e.g. trees). 
Road access may be 
difficult (e.g. major 
thoroughfare, gravel 
road). 
No amenities or 
parking on site. Poor 
access. Far from 
roads or residential 
area. 
 
 Watershed Features 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Great watershed to lake 
ratio (<25:1). Many 
existing best 
management practices 
(e.g. rain gardens, 
bioswales). Well-
developed sites (no 
disturbed ground).  
Moderate watershed to 
lake ratio (< 50:1). 
Some best 
management practices 
implemented and 
many areas for others. 
Some development 
currently active. 
Higher watershed to 
lake ratio (>50:1). Very 
few best management 
practices implemented, 
but high (>25%) public 
ownership of 
watershed. Moderate 
development currently 
active. 
Higher watershed to 
lake ratio (>50:1). No 
best management 
practices implemented 
and only partial (<25%) 
public ownership of 
watershed. Moderate to 
high development or 
agricultural activity. 
High watershed to 
lake ratio (>50:1). No 
public ownership in 
watershed. 
 
 Field Water Chemistry 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Dissolved oxygen content 
high (>8 mg/L) in the 
morning. IOWATER data 
shows no red flags.  
Dissolved oxygen 
content moderate (4-8 
mg/L) in the morning. 
Few red flags in 
IOWATER data.  
Dissolved oxygen 
content moderate (4-8 
mg/L) in the morning. 
Several red flags in 
IOWATER data or no 
IOWATER data 
available. 
Dissolved oxygen 
marginal (<4 mg/L) in 
the morning. Many red 
flags or no IOWATER 
data presence. 
Dangerously low 
dissolved oxygen (0-
2 mg/L). 
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Table 1. (continued) 
 Pond Features 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Maximum depth 
adequate (>3m; 10ft) and 
over wide area of pond. 
Bottom contour sufficient 
for vegetation control (3:1 
slope). Shoreline well 
maintained or rocked. 
Outlet and dam in good 
repair.  
Maximum depth 
adequate (>3m; >10ft) 
in small area of the 
pond. Bottom contour 
passable (<3:1). Some 
shoreline erosion at 
typical sites (points, 
windblown side). Dam 
in good repair, outlet 
fair. 
Maximum depth 
borderline (2-3m; 7-
10ft) or one very small 
hole of >3m (>10ft). 
Large areas of shallow 
water contained to 
upper end. Shoreline 
unkempt with 
widespread erosion. 
Dam in good repair, 
outlet unmaintained. 
Maximum depth 
questionable (1-2m; 4-
7ft) with no distinct 
holes. Large areas of 
shallow water 
throughout pond. 
Shoreline erosion 
severe. Dam damaged 
and outlet 
unmaintained. 
Maximum depth poor 
(<1m; <4ft). Dam on 
verge of failure. 
 
 Watershed 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Very little stream based 
erosion (no active 
incision or slumping 
banks). Existing upper 
watershed control 
structures such as 
sediment basins or 
wetlands. Nutrient and 
sediment inputs minimal.  
Some stream based 
erosion (minimal 
incision and slight bank 
slumping). Few 
existing upper 
watershed structures 
and many sites for 
potential structures. 
Low nutrient and 
sediment input.  
Several areas of gully 
erosion (active incision 
and slumping banks). 
No watershed 
structures, but many 
sites for potential 
structures. Moderate 
nutrient and sediment 
input. 
Severe gully erosion 
(active incision and 
slumping banks). No 
watershed structures 
and few sites for 
potential structures. 
High nutrient and 
sediment input. 
No potential for 
watershed 
improvements and 
extreme problems 
with pollutants. 
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Table 1. (continued) 
 Pond 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
“Deep and steep” (3:1 
slope) structure typical of 
newly constructed/well 
maintained Iowa ponds 
with little sedimentation 
(<1-2m; 3-6ft). Fish 
habitat abundant. 
Fair pond structure 
(3:1 or 4:1slope) and 
low to moderate 
sedimentation (~1-2m; 
3-6ft). Fish habitat 
sparse, but potential 
habitat sites abundant. 
Marginal pond structure 
(>4:1 slope) with 
moderate to heavy 
sedimentation (>1-2m; 
3-6ft). Fish habitat non-
existent, but potential 
sites abundant. 
Very heavy 
sedimentation (>2m; 
6ft). Poor bottom 
contours (low slope, no 
drop-offs). Fish habitat 
non-existent and 
potential sites limited. 
Prohibitive 
sedimentation (>3m; 
9ft) or unworkable 
original pond 
structure (e.g. hard 
bottom very shallow). 
 
 Water Chemistry 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
All water quality 
parameters fall within 
lower end of acceptable 
state guidelines. Most 
often the water looks 
“clean and clear” to 
outside observers.  
Water quality 
parameters fall within 
upper end of 
acceptable state 
guidelines. Water 
aesthetics variable thru 
year with some periods 
of “clean and clear”. 
Few parameters fall 
outside of acceptable 
state guidelines. Water 
rarely achieves “clean 
and clear” look. Smell 
or other aesthetic 
concerns. 
Several parameters fall 
outside of acceptable 
state guidelines. Water 
very rarely achieves 
“clean and clear” look. 
Some worrying 
pollutant issues (e.g. 
ammonia, e-coli). 
Most parameters 
outside of state 
guidelines. Water 
appears dirty all the 
time. Severe 
pollutant issues. 
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Table 2. A list of sites by county and city location, with notation for jurisdiction, assessed by the Urban 
Fisheries Project in phase one from 2009 – 2012. These sites were primarily under jurisdiction of 
Polk County Conservation Board and City of Des Moines. They serve as a benchmark for site 
prioritization used by a principal component analysis. 
 
 
  
County City Jurisdiction Park/Pond Name 
Polk County Altoona County Thomas Mitchell Park 
Polk County Des Moines City Birdland Park 
Polk County Des Moines City Case Lake 
Polk County Des Moines City Dean's Lake 
Polk County Des Moines City Ewing Park 
Polk County Des Moines County Ft. DSM Park 
Polk County Des Moines City Glendale Pond 
Polk County Des Moines City Grandview Pond 
Polk County Des Moines City Greenwood Park 
Polk County Des Moines Private Lake Cheerio 
Polk County Des Moines City MacRae Park 
Polk County Des Moines City Riverview Park 
Polk County Des Moines City/Private Sleepy Hollow Park 
Polk County Des Moines City/Private Tai Dam 
Polk County Des Moines City Waveland Pond 
Polk County Des Moines City Witmer Park 
Polk County Des Moines County Yellow Banks Park 
Polk County Pleasant Hill City Copper Creek 
Polk County Polk City County Skull Pond 
Polk County Polk City County Teal Pond 
Polk County Polk City County Two Dam Pond 
Polk County Urbandale City Lakeview Park 
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Table 3. A list of sites ordered by county and city location, with notation for jurisdiction, as assessed 
by the Urban Fisheries Project in phase two from 2012 – 2014. These sites reside within the nine-
county study area of Central Iowa. 
 
County City Jurisdiction Park/Pond Name 
Dallas County West DSM City City Park 
Polk County Altoona City Falcon Ridge Pond 
Polk County Altoona City Prairie Heritage Park 
Polk County Altoona City Tuscany Pond 
Polk County Ankeny School Centennial HS East Pond 
Polk County Ankeny School Centennial HS West Pond 
Polk County Ankeny City Georgetown Park 
Polk County Ankeny City Hawkeye Park 
Polk County Ankeny City Hillside Park 
Polk County Ankeny City Horizon Park 
Polk County Ankeny City Promenade Park 
Polk County Ankeny City Renaissance Park 
Polk County Ankeny City Sawgrass Park 
Polk County Ankeny City Sports Complex North Pond 
Polk County Ankeny City Sports Complex South Pond 
Polk County Ankeny City Springwood Park 
Polk County Ankeny City Vintage Park 
Polk County Ankeny City Westside Park 
Polk County Polk City City Marina Cove Pond 
Polk County Urbandale City LA Ward 
Polk County Urbandale City Walker-Johnston Park 
Story County Ames City Moore Park 
Warren County Indianola City Pickard Park 
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Table 4. This interview guide was used to assess local managerial support for the site and any 
potential project. Additionally, managerial assessment of neighborhood support for any project 
and stewardship for the site as a whole was captured. Institutional Review Board approved, 
exempt status, 2013. 
This survey will primarily be administered to local management personnel with a controlling interest in 
the pond site, park, or portion of the watershed. Often several ponds will be inquired about at one 
time due to the ownership nature of city and county properties. Interviews will begin with a map and 
or list of owned properties/ponds and each will be discussed. The whole interview will be introduced 
as a research only project, with little mention of potential funding. 
 
1. Are there any other areas (besides those found on the map) that have public fishing in 
your purview?  Any areas where you would like to develop/build a pond? (Focused on 
areas they have already considered/discussed.) 
2. What locations are being focused on for park/area improvements?  
3. What kinds of things are being/need to be improved at the locations? (Restrooms, 
parking, trails, picnic areas – do you have a priority list?) 
4. What are your ten-year goals with these improvements?  Do you have any other 
management goals for the area? 
5. What is the funding status for park/area improvements you mentioned? 
6. Classify the local involvement and support for such improvements. (Separate – often 
support = involvement, but sometimes it is support in concept, but not much 
involvement from the community – projects with more involvement are usually more 
sustainable) 
7. What types of data do you have on these ponds already? (Examples –fisheries data, use 
data, water chemistry, maps, etc.) 
8. What types of data would you like to see for these ponds? 
9. Are there any aquatic education efforts being developed or in place already at these 
sites?  (Examples – fishing clinics, public programs, youth day camps, etc.) What kind 
of interest do you have in such things? 
10. What does your agency desire from these locations? What do your citizens desire from 
these locations? 
11. Are there any restrictions on access, use, or management that are in place that would 
impact these sites that you know of? 
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Table 5. Lake evaluation matrix scores for each site’s abiotic features, ordered by their final rank as determined with generated 
category weightings. Phase 1 indicates sites evaluated in 2009-2012 and Phase 2 indicates sites evaluated in 2012-2014. Key to 
abbreviations found below tables. 
 
Pond Phase Soc1 Soc2 Location WShed1 Phys1 Chem1 WShed2 Phys2 Chem2 
Ft. DSM 1 5 4 5 4 5 5 4 4 5 
Two Dam 1 5 4 4 5 4 5 4 4 4 
Thomas Mitchell 1 5 4 4 5 4 5 4 4 4 
Yellow Banks 1 5 4 3 4 5 5 4 5 5 
Lake Cheerio 1 3 5 4 4 4 4 4 4 4 
Greenwood 1 5 5 4 3 3 3 2 3 3 
Tai Dam 1 2 5 4 4 5 4 4 4 5 
Georgetown 2 3 4 5 4 5 4 4 4 4 
Sawgrass 2 3 4 5 4 4 4 4 5 4 
Marina Cove 2 4 3 4 4 4 4 3 4 4 
Centennial East 2 3 4 3 4 5 5 4 5 5 
Centennial West 2 3 4 3 4 5 5 4 5 5 
Prairie Heritage 2 3 3 4 5 3 4 5 4 5 
Lakeview 1 5 3 3 3 3 4 4 4 3 
Vintage 2 3 4 4 2 4 4 4 5 5 
Witmer 1 3 4 4 3 3 3 3 3 3 
City Park 2 4 4 5 3 3 3 4 3 3 
Copper Creek 1 3 3 4 4 5 4 4 4 5 
Promenade 2 3 4 3 2 4 4 5 5 5 
Moore 2 3 5 2 3 2 3 4 2 3 
Falcon Ridge 2 3 3 3 4 3 5 4 4 5 
Springwood 2 3 4 3 3 3 3 3 3 3 
Hawkeye 2 3 5 4 3 2 3 3 2 3 
Walker-Johnston 2 4 3 4 4 3 3 3 4 4 
LA Ward 2 4 3 3 3 4 3 5 4 3 
Westside 2 2 3 4 2 3 3 4 3 4 
Skull 1 3 3 2 4 3 4 3 3 3 
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Table 5. (continued) 
Pond Phase Soc1 Soc2 Location WShed1 Phys1 Chem1 WShed2 Phys2 Chem2 
Teal 1 3 3 2 4 3 4 3 3 3 
Sports South 2 2 3 4 3 5 3 4 4 4 
Pickard 2 3 3 3 3 3 3 4 3 4 
Horizon 2 2 3 3 4 3 3 3 4 4 
Tuscany 2 3 3 3 2 2 2 5 3 3 
Hillside 2 2 3 3 3 3 3 3 3 3 
MacRae 1 4 3 2 3 2 3 2 2 3 
Renaissance 2 2 3 3 3 3 2 3 3 3 
Sports North 2 2 3 4 3 3 3 4 3 3 
Glendale Pond 1 1 3 3 4 3 2 3 2 2 
Birdland 1 2 3 4 1 2 2 1 1 1 
Dean's Lake 1 1 3 2 2 2 2 2 1 3 
Ewing 1 2 3 3 2 1 2 3 1 1 
Sleepy Hollow 1 1 2 3 3 1 2 3 1 2 
Riverview 1 1 3 3 1 1 1 1 1 1 
Grandview Pond 1 1 2 1 3 2 2 3 2 2 
Waveland Pond 1 1 2 1 3 2 2 3 2 2 
Case 1 2 3 1 1 1 1 1 1 1 
 
Soc1 Evaluation of local management and their willingness/capability to improve their sites. 
Soc2 Evaluation of the neighborhood surrounding the sites and their participation. 
Location Evaluation of site amenities and ability of the site to support future use. 
WShed1 Watershed ownership and ratio of watershed area to lake area. 
Phys1 Pond depth, dam condition, and shoreline erosion extent. 
Bio1 Overview of vegetation prevalence, fish prevalence, and invasive species issues. 
Chem1 Evaluation of basic field water quality parameters such as dissolved oxygen. 
Bio2 Fish population structure including numbers and size considerations. 
Bio3 Specific vegetation issues including species presence, diversity, and abundance. 
WShed2 Stream and shoreline erosion assessment as well as information on nutrient inputs. 
Phys2 Pond construction information important to overall fishery health. 
Chem2 Water quality parameters established by lab testing. 
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Table 6. Sample watershed survey template adapted for use at several sites in the project area. 
Survey conducted by local staff at Marina Cove Pond in 2013, with results available on request. 
Additional use of watershed surveys planned at other sites within study area. 
Watershed Landowner Survey 
Survey Goals 
1. Determine awareness (nutrient and stormwater management practices) 
2. Determine current land use practices (car washing, stormwater, fertilizer, pesticides, pet waste) 
3. Pond/Park use (frequency and how do they use the pond) 
4. Perceptions of Pond/Park (satisfaction) 
5. Level of interest/willingness to participate in the project 
6. Way to communicate with landowner (gather an email list) 
7. Provide opportunity for comments (ideas, venting, etc.) 
General Information 
Name 
Age 
Address 
Phone # 
Email Address 
# of Residents in Home 
Awareness 
 Have you ever had a soil test completed for your property? (Y or N) 
 Have you heard of “No Phosphorus” fertilizer? (Y or N) 
 Have you heard of rain barrels, rain gardens or bioswales? ( Y or N) 
 Are you aware that water from your yard ends up in _____ pond? (Y or N) 
Current Practices 
How often do you wash your car in your driveway? 
 If you have a pet that uses the yard as a restroom, how do you dispose of waste? 
 How often is fertilizer applied to your lawn? 
 Is “No Phosphorus” fertilizer applied to your lawn? 
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Table 6. (continued) 
Are pesticides applied to your lawn? 
How often is your yard watered in the summer? 
 Do you have a rain barrel system? 
 Do you have a rain garden? 
Park & Pond use 
 How often do you use ____ Park? 
 What activities do you engage in at _____ Park? 
 How often do you use ____ Pond? 
 What activities do you engage in at _____ Pond? 
Perception of Park & Pond 
 
 What is your level of satisfaction with the park? (Scale 1-5) 
 What is your level of satisfaction level with the pond? (Scale 1-5) 
 
Interest in project / Willingness to participate 
  
Would you be interested in attending a short meeting to learn more about improving _______ Pond?  
 
Would you be willing to alter the way you treat stormwater and apply fertilizer to help improve 
_________ Pond? 
 
Communication 
  
 What is the best way to reach you? 
  Phone: ________________ 
  Email address:  ________________________ 
 
Comments 
  
 Please feel free to provide ideas, observations, etc. that could assist us with this project. 
 
 
 5
3
 
 
 
Figure 1. Initial lake scan results for targeted central Iowa counties. Map developed using aerial photography and GIS technologies. 
Only ponds in proximity to urban areas with populations greater than 5000 were considered, identified by darker red in the 
underlying heat map.
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Fort Des Moines Pond Monitoring Plan - 2012 
Frequency:  Tributaries: Twice during storm events between May and August.   
Main Lake Deep Point: Once per month May through September (5). 
Location:  4 tributary sites, 1 main lake site.  GPS recorded locations for all sites. 
(Deep Point: Approx UTM: 15 T 449156, 4596337; Tributary: N/A; All marked by X in 
map) 
Parameters:   At all sites determine Total Phosphorus, Ammonia, Nitrate, Nitrite, Total 
Suspended Solids, Cholorophyll a, Tubidity, Chloride.  Samples processed by ISU lab 
(Dr. Morris, NREM). 
Collect the following field parameters at all sites Temperature, Dissolved Oxygen, pH.  
 
Figure 2. An example of a water quality monitoring plan used in several of the phase 1 
sites evaluated by the Iowa urban fisheries project from 2009-2012.  
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Abstract 
Small waterbodies are common additions to housing and commercial 
developments in modern city planning but are often poorly managed.  Stormwater 
control and aesthetic functions are often prioritized over ecosystem benefits or angling 
opportunities.  City managers often possess a limited knowledge of these ecosystems 
due to limited experience in applicable fields. These ponds are often characterized as 
vegetation infested waterbodies with undesirable and stunted panfish.  These 
management issues can impact user satisfaction, access, and visual aesthetics.  They 
can also be expensive to treat by common fishery methods in long-term maintenance 
plans, and therefore must be accounted for when making recommendations for 
management.  An investigation of waterbody biotic characteristics was conducted in 
central Iowa’s urban areas in the context of a site evaluation matrix in rubric form.  The 
objective of this study was to develop a rapid and efficient assessment of the biotic 
components of the fisheries, i.e., fishery and aquatic vegetation presence, abundance, 
and attributes.  A combination of biotic and abiotic data was then used to rank a list of 
sites in central Iowa.  These rankings were developed to guide implementation of 
management practices that work towards the goal of improved fisheries quality in Iowa’s 
urban areas. 
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Introduction 
 Urban ponds in Iowa share many characteristics represented in other similarly 
sized and constructed surface waters.  Farm ponds are the most common of these in 
Iowa with over 85,000 estimated in 2008, a dramatic increase from the 3,900 estimated 
in 1953 (Moorman 1953; Clayton 2008).  As urban areas expand into former agricultural 
land, many of these farm ponds become urban ponds.  Additionally, the creation of 
ponded surface waters for the purpose of stormwater retention is very similar, if for a 
modified purpose, to farm pond creation (Clayton 2008; USEPA 2009).  Comparisons of 
biodiversity features between these two types of systems in research is limited; 
however, several European studies have shown higher than expected biodiversity in 
stormwater systems comparable to non-stormwater systems in the surrounding 
landscape (Le Viol et al. 2009, 2012).  Additionally, “anthropogenic refuges” (e.g., 
human created pond systems) can provide dramatic boosts to regional freshwater 
biodiversity in heavily modified urban regions.  These areas often mimicked natural 
habitats and provided an analog that would otherwise not be available (Chester and 
Robson 2013). 
 These studies support the idea that stormwater and other man-made ponds in 
urban areas can provide ecosystem services valuable to the surrounding community.  
They are capable of creating suitable habitats for sport fish that are available to high 
residential densities for recreational and for-food angling.  When considering a pond as 
a potential resource, its desired use should be considered foremost.  Expectations of 
the surrounding community or property owners can weigh heavily on final decision 
making processes.  While particularly important when discussing aesthetic uses, biotic 
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uses are also impacted by these factors as fish management strategies can be adapted 
to support these desires (Kröger and Tucker 2012).  Small ponds have also been shown 
to have an important role in global ecosystem processes as sinks of organic carbon, 
resultant of the often high rates of primary production via aquatic plants, algae, and 
phytoplankton linked with eutrophication (Downing 2010). 
 In Iowa, urban fisheries share similar biotic and abiotic factors with most other 
types of fisheries in the same region but some significant differences do exist.  These 
differences include aspects of function, management, morphology, and anthropogenic 
pressures that make them distinct from traditional rural fisheries, but many parallels can 
be drawn between farm and urban ponds of similar size (USEPA 2009, Eades and Lang 
2012; Steele and Heffernan 2014). Context, therefore, becomes most important when 
distinguishing urban from rural pond fisheries.  The goal of this particular study was to 
develop an evaluation matrix for rapid assessment of Midwestern urban ponds.  In turn, 
this matrix can be used as a guide to collect pertinent data on the biotic and abiotic 
features of central Iowa’s urban ponds. The objective of this specific aspect of the 
project was to assess the biotic components needed for later incorporation in this 
matrix. 
Methods 
Biotic characteristics as represented in the matrix include fish and vegetation 
metrics commonly encountered in fisheries management investigations.  While the 
study acknowledged the importance of macro- and micro-invertebrates, no direct 
sampling of these organisms were conducted.  As aquatic invertebrate populations are 
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strongly linked to habitat availability, aquatic vegetation assessment and water quality 
evaluations were used as a representative for invertebrate concerns in the evaluation 
matrix (Neal and Willis 2012).  Three matrix categories represent biological data 
assessed by the matrix and associated sampling (Table 1).  Standardized practices 
were developed to gather data within each of these categories and, where applicable, 
industry standards were prioritized per American Fisheries Society (AFS) guidelines 
(Bonar et al. 2009). 
Study Area 
The initial study focused on ponds within the Des Moines, Iowa city limits through 
the period of 2009-2012 with some sites in the surrounding metropolitan area.  
Research was expanded to include all of the Des Moines metropolitan area as well as 
the surrounding counties in 2012-2014.  Included were Boone, Dallas, Jasper, Madison, 
Marion, Marshall, Polk, and Warren counties.  Initial assessment identified 153 
waterbodies in proximity to cities of over 5,000 residents in the study area (Figure 1).  
Initial site review reduced studied areas to seven cities within four counties:  West Des 
Moines, Dallas County; Ames, Story County; Polk City, Ankeny, Altoona, and 
Urbandale, Polk County; and Indianola, Warren County. The Iowa Department of 
Natural Resources (DNR) also requested assessment of two ponds in Ankeny, which 
were on the campus of the new Centennial High School and not controlled by the city.  
These sites were assessed in two phases. The sites in the first phase were used as 
benchmark information for statistical modeling and were assessed between 2009 and 
2012 (Table 2).  The second phase sites were assessed between 2012 and 2014 (Table 
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3).  In total 45 sites were assessed: 22 sites were evaluated during the first phase and 
23 sites were evaluated during the second phase. 
Fishery 
As with abiotic information (Chapter 2), efficiency remained a primary focus when 
sampling biotic characteristics at the large number of sites identified by this study.  As 
several waterbodies were sampled during each field day, active gear was the primary 
source of information.  Active gear is particularly useful in studies focused on efficiency, 
as standard sampling calls for short time intervals of sampling (e.g., 15-minute 
electrofishing runs).  One site, West Des Moines City/School Campus Pond, had been 
previously sampled via active gear during the season and a passive technique, baited 
tandem hoop netting, was employed to strengthen the dataset.  The remaining sites 
were sampled only with active gear in the form of AFS standard electrofishing methods 
and equipment (Bonar et al. 2009). 
All live animals sampled for pursuit of this project were collected, processed, and 
released alive into the source water body in accordance to and compliant with all 
guidelines laid forth by the Institutional Animal Care and Use Committee (IACUC) and 
with appropriate Iowa DNR sampling permits. Yearly review and permit renewal was 
conducted with each oversight organization as required, and records for such are 
available on request. Additionally, all field staff and investigators responsible for said 
sampling were certified yearly through the IACUC animal handling training program.  
Each permit, protocol, and associated inventory was kept up to date throughout the 
sampling seasons, as per guidelines with each organization. 
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Fish population assessment took place at priority sites using AFS standard 
electrofishing (EF) (Bonar et al. 2009).  Two sites were previously EF sampled by Iowa 
DNR employees using the same gear and setup (LA Ward in Urbandale and West Des 
Moines City/School Campus Pond) and that data was referenced for the purposes of 
matrix assessment.  Use of hoop nets for channel catfish sampling was included at one 
site, West Des Moines City/School Campus Pond, at the request of Iowa DNR staff 
partners.  Hoop nets were set for 24 hours, and were Iowa DNR standard tandem sets: 
three linked nets, 3.5 m in length each, 0.75 m diameter largest loop, 25-mm mesh, with 
two crowfoot throats per net, and each baited with a mesh bag containing water-soaked 
soybean cake.  Fish abundance, condition, and diversity statistics were used to 
evaluate the sites and will help determine management needs (Bonar et al. 2009; 
Hubert and Quist 2010).  Existence of problem species, e.g., common carp (Cyprinus 
carpio), was also noted. 
Electrofishing was conducted using an ETS Electrofishing, LLC model MBS-1DP-
CRFP EF control box (3737 Eldorado Court, Verona, Wisconsin 53593), as used by the 
Iowa DNR.  Settings were adjusted as needed to attain successful, non-injuring fish 
sampling and varied by lake.  General practice was to keep amperage no higher than 
30 and preferably less than 20, with voltage in the effective sampling range of 200 to 
300.  The ability and necessity to maintain these settings varied with each site due to 
water conductivity.  Conductivity varied from 250-600+ µs/cm.  Conductivity was often 
high in that range as is common in Iowa.  This is due to local water chemistry, 
watershed inputs, and summer water temperatures. 
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Analysis of common fisheries indices was completed utilizing statistics and 
methods commonly used by the Iowa DNR and ISU for other fisheries projects. Most 
are found in Inland Fisheries Management in North America (Third Edition). These 
indices include Catch Per Unit Effort (CPUE), Proportional Size Distribution (PSD), and 
Relative Weight (Wr) (Hubert and Quist 2010).  Other basic statistics, i.e., mean, 
minimum, and maximum lengths and weights, were also used for assessment.  
Additional information about fish diversity and distribution ratios (e.g., predator to prey 
ratio) were accounted for in matrix rubric ranking. 
Vegetation 
Aquatic vegetation sampling took place at all sites via Iowa DNR/ISU standard 
methods to assess shoreline, submergent, emergent, and floating vegetation presence, 
abundance, and diversity (Yin et al. 2000).  Existence of problem species, i.e., invasive 
species and/or overabundance of vegetation or algal blooms, was noted and rough 
estimates of total percent cover and species composition percentages were recorded.  
Additional assessment of historical percent cover was evaluated using aerial 
photography in conjunction with vegetation depth range (as sampled by extended rake) 
and bathymetric information.  Vegetation data analysis was done using the percent 
cover and species distribution percentage methods described by Yin et al. (2000) and in 
Inland Fisheries Management in North America (Third Edition) (Hubert and Quist 2010).  
Many of the current standard protocols for vegetation assessment for Iowa ponds were 
in development at the onset of this project in another Iowa DNR/ISU co-venture.  Some 
of those results and information were taken into consideration when developing 
sampling procedures; however, no Standard Operating Procedures (SOP) were 
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available in a usable form.  It would be advantageous to adapt a truncated version of 
the new Iowa DNR SOP for use in future vegetation assessment at urban sites to 
standardize data for better statewide comparisons (Cashatt 2008).  
Results 
 Within the context of the matrix, results for the three biotic categories (Table 1) 
can be found for all lakes in Table 4.  These indicate overall performance of each site 
based on the categories and descriptions in the matrix.  These categories link back to 
statistical and observational analyses of biotic factors reported in the following sections 
by category. 
Fishery 
 Sampling in the study sites during 2012-2014 identified fisheries that often 
mirrored those typically encountered in Midwestern farm ponds and other small 
impoundments.  A predominance of bluegill (Lepomis macrochirus) and largemouth 
bass (Micropterus salmoides) was indicated in all sample sites.  These two species 
generally outnumbered any other species present in the samples, although a few 
alternative population ratios were found.  Additional species encountered with relative 
frequency included mixes of black and white crappie (Pomoxis nigromaculatus and P. 
annularis) and green sunfish (Lepomis cyanellus).  Green sunfish in particular often 
rivaled bluegill in abundance when encountered in the same pond, and a presence of 
occasional hybridization in those situations was observed.  Channel catfish (Ictalurus 
punctatus) were not effectively sampled with the active gear used; though typically 
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make up a large portion of fish stocked into typical small Midwestern impoundments 
(Hunt et al. 2008; Michaletz 2009; Willis et al. 2010; Eades and Lang 2012). 
 Some undesirable species were also encountered during sampling.  Invasive or 
nuisance species can be a common source of waterbody impairment (Environmental 
Law Institute 2008).  In Iowa, the common carp is perhaps the most destructive of these 
species.  Urban areas have been identified as significant centers of invasive species 
spread, both fish and vegetative alike (McKinney 2001).  While none of the sampling 
methods used by this study discovered common carp, other species were identified that 
could cause similar detriment to the waterbodies.  Gizzard shad (Dorosoma 
cepedianum) were the most commonly encountered nuisance species in the study 
lakes, and were encountered at three sites.  While no individuals were sampled, grass 
carp (Ctenopharyngodon idella) presence was predicted at several sites given the 
popular use in aquatic vegetation management in Iowa.  At one site, a single grass carp 
mortality was observed, and active grass carp feeding evidence was observed at 
several sites (grazed macrophytes).   
 In the context of the matrix, these invasive/nuisance species were of importance 
to the scores in two different categories.  A current presence or stocking history of any 
one of the invasive species mentioned can impact lake renovation efforts negatively, 
and a nearby source of re-introduction (e.g., nearby lake or stream with gizzard shad 
populations) would impact long term site plans.  Other data collected on game fish 
species was applicable to the matrix scores in the biological categories.  A large 
imbalance in predator (i.e., bass) to panfish (i.e., bluegill, crappie) ratio can lead to 
stunted panfish growth (Aday and Graeb 2012).  Additional species present that 
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complicate a traditional largemouth bass-bluegill fishery, such as crappie or green 
sunfish, have been shown to impact growth rates of each other (Willis et al. 2010; 
Eades and Lang 2012).  The presence of these species and their ratios with largemouth 
bass as well as largemouth bass abundance was also represented in the matrix, with 
those lakes with poor largemouth bass numbers scoring poorly if small panfish sizes 
were also encountered. 
Vegetation 
Vegetation identified during the study was similar to those sampled in other 
central Iowa ponds.  Filamentous green algae (various Chlorophyta) were the most 
common macroscopic aquatic plant identified in the study lakes, typical for the region 
(Clayton 2009).  Several groups of submergent plants were common at sites including: 
coontail (Ceratophyllum spp.), pondweed (Potamogeton spp.), naiad (Najus spp.), and 
sago (Stuckenia spp.).  Emergent groups included: cattails (Typha spp.), bulrush 
(Scirpus spp.), sedges (Carex spp.), arrowhead (Sagittaria spp.), and pigweed 
(Amaranthus spp.).   Additional macrophytes encountered included:  canary grass 
(Phalaris spp.), duckweed (Lemna spp.), rushes (Juncus spp.), and willows (Salix spp.).  
Several plants were identified to species; however, the primary concern was identifying 
invasive species as well as a review of overall abundance that would impact angling 
and indicate nutrient issues.   
The only invasive species of note encountered were curly-leaf pondweed 
(Potamogeton crispus) at one site and reed canary grass (Phalaris arundinacea) at 
many sites.  The difficulty of identifying native cultivars or species of canary grass as 
well as its semi-aquatic nature typically allowed for its presence to be noted, but 
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generally inconsequential to matrix rankings.  As active vegetation management plans 
were in place at the site with curly-leaf pondweed presence, it too did not have much 
effect on overall site rankings.  Abundance estimates were made using radii 
estimations, e.g., estimated dimensions of the vegetative ring.  Several sites had 
vegetative zones large enough to encompass a vast majority of the pond’s total area, 
likely due to low depth and high nutrients.  These results strongly impacted matrix 
scores for these sites in at least one category.  Other sites were evaluated based on a 
goal of 10-20% vegetative coverage for maximum benefits to fish production, while 
some research indicates coverages up to 35%+ can be positive for fish production 
(Willis et al. 2010; Aday and Graeb 2012).  No or minimal vegetative coverage was also 
occasionally encountered.  This was considered primarily as a neutral or slight positive 
in the context of the matrix, as heavy vegetative coverage (>20%) was a more common 
condition and one that indicates additional problems with pond structure and nutrient 
inputs.  The highest matrix scores were only possible if 10-20% coverage was attained, 
as aquatic vegetation is considered to be one of the most important natural habitats for 
fish (Stone et al. 2012). 
Discussion 
 Results from the survey of biotic factors of central Iowa urban fisheries indicate 
similar problems encountered in other Iowa small ponds: occasional overabundance of 
vegetation, presence of nuisance or undesirable fish and vegetation species, and 
potential stunting of panfish.  These problems are reflected in the subsequent matrix 
scores of each pond (Table 4) and continue to impact renovation project decisions and 
management plans.  As pesticides and related products to aid in the control of these 
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problems are often a large, long-term expense, a full assessment of the scope and 
severity of these problems will be necessary as projects move forward.  For reference, 
the Iowa DNR reported an expense of $308,644 for “Ag Supplies (i.e., pesticide, 
chemical, fertilizer supplies)” in 2010, the third largest line item in the Fisheries Bureau 
budget for that year (Iowa DNR 2010).   
 Cities, counties, and other institutions accountable for management control of 
urban ponds are likely to have a more restrictive budget when addressing the same 
issues as Iowa’s other public waterbodies.  Innovative strategies are then needed to 
address similar problems encountered elsewhere.  Often these discrepancies are more 
complex than just monetary demands, as socio-political sustainability (e.g., political and 
popular will) can become an important side of the discussion when addressing these 
biological management issues in urban settings (Lehman et al. 2009).  As increased 
presence of non-native, invasive, or nuisance species can be accelerated by 
urbanization, these problems will continue to expand and increasingly impact urban 
waters which will drive the demand for treatment and management (McKinney 2001).  
Modern managers may be required to carefully choose targets of management to 
maximize management effectiveness and maintain political and popular will. 
 Within the context of Iowa, there is a need to focus on preservation through 
renovation by prioritizing sites with more balanced and site-appropriate existing 
communities of biota.  This is parallel with Iowa DNR and other Midwestern states’ 
methods for prioritizing lake renovation and maintenance projects, urban and otherwise, 
for areas with high cost-benefit (Bachmann 1980; Eades et al. 2008; Walsh et al. 2008; 
Clayton 2009; Eades and Lang 2012; Nebraska Department of Environmental Quality 
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2012).  The highest priority ponds, as scored by the matrix, are those with higher scores 
in the biotic categories (Table 4).  As with abiotic characteristics discussed in Chapter 2, 
a systems based approach to management can address many issues at once and the 
pertinent linkages between abiotic and biotic management will be discussed further in 
chapter 4.  
 Additional considerations during the renovation and management process apply 
in urban areas where perceptions and desires of users and managers alike may differ 
from that of the fisheries management industry as a whole.  Often aesthetic 
considerations are a higher priority than biological and ecological function; e.g., park 
managers may prefer well mowed grass, chemically clearer waters, and fountains over 
more ecologically functional buffer strips, beneficial native aquatic vegetation, and 
aeration (Eades and Lang 2010, 2012).  This emphasizes the need for strong 
partnerships and outreach efforts to both take input from alternative viewpoints as well 
as educate others on concepts unfamiliar to those untrained in natural resources 
management (Hutt and Jackson 2008; Sweatman et al. 2008; Carter 2012; Eades and 
Lang 2012; Neal and West 2012). 
 These differences expand beyond vegetation or visual issues with fisheries to the 
fish populations as well.  For instance, urban anglers have been typified as being 
interested in different types of fish, both species and size, than the general angler 
population.  Preferential focus on consumptive uses of the resource have been 
identified at many urban fisheries, and a broader species appeal which may even 
include classically avoided species of rough fish (Hutt and Jackson 2008; Sweatman et 
al. 2008).  Higher rates of angling pressure have also been recorded at urban sites 
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nationwide than at comparative rural sites (Eades and Lang 2010, 2012).  These issues 
need to be considered when addressing stocking or sustainable fish population 
maintenance. 
 In Iowa, sites evaluated by the urban fisheries project had less fishing pressure 
per area than nearby, larger lakes managed long-term by the Iowa DNR.  A more 
flexible preference for fish of various species and sizes exists at urban sites when 
compared to other locations in Iowa as well.  Differences in knowledge levels, 
expectations, and management desires also were found among users and stakeholders 
as a whole (Carter 2012).  Therefore, urban fisheries management needs to take 
flexible approaches to biological management just as with abiotic management 
discussed in Chapter 2. 
 Many types of alternative fish stocking regimes are outlined in modern fisheries 
management texts (Willis et al. 2010; Neal and Willis 2012).  Des Moines, for example, 
has created significant angler participation with a bullhead-only annual stocking event at 
Waterworks Park.  Other alternatives may need to be investigated in areas where 
pressure dictates that sustainable bass-bluegill fisheries are unlikely to be established 
without significant managerial input.  The status of the fishery can afford to be 
marginalized somewhat due to the flexibility offered by rotenone as a fish management 
tool.  Restarting the fishery from an empty pond allows tweaking of the formula and 
experimentation with species or compositions of predators and prey not allowable in 
other forms of wildlife management (Willis et al. 2010). 
70 
 
 Managing aquatic vegetation can be more difficult.  Overabundance of plants can 
lead to detrimental fish kills, interference with predator-prey dynamics, and reduction in 
angler accessibility (Clayton 2009; Madsen et al. 2012).  Chemical treatment, similar to 
rotenone in fish management, can be employed to treat vegetation issues.  The short-
term or targeted area effects afforded by chemical treatments can be valuable to ensure 
angler access during the pond’s busy season.  These treatments can be expensive, 
especially if a long-term strategy of treatment is required, and public resistance to 
chemical use may need to be addressed (Knuth et al. 2008).  Maintaining the socio-
political will to drive this type of intensive management can be challenging, so holistic 
approaches to nutrient reduction and sediment removal may be a better approach as 
discussed in chapter 2.  Additional outreach and management support can help to 
moderate the expectations of stakeholders with regard to the idea of a “perfect pond” 
(Carter 2012; Eades and Lang 2012). 
Conclusions 
Management of the biotic aspects of urban ponds can be strategized similarly to 
farm ponds.  Care should be taken so that the intricacies of urban pond management 
are not overlooked.  Different socio-political desires, outreach demands, resource uses, 
and anthropogenic pressures may exist and must be identified as part of a holistic 
approach to resource management (Eades and Lang 2012).  Biotic factors remain more 
readily improved via traditional pond management tools (i.e., rotenone and herbicides), 
but long-term goals may require the use of more inventive approaches.  These long-
term concerns can be better acknowledged if a monitoring strategy can be devised.  
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With ample cooperation with local stakeholders a monitoring plan can be co-funded and 
co-manned, reducing local reliance on the state agency. 
While important end products of the urban fishery management process, biotic 
concerns are often subject to the system-level effects of the abiotic influences 
discussed in Chapter 2.  While addressing biotic concerns is needed in long-term plans, 
short-term effects of system renovation often invalidate recent sampling efforts as fish 
stocks, seed banks, nutrient levels, and pond depths can be altered in ways that change 
the dynamics of the biotic environment into the future (Willis et al. 2010; Madsen et al. 
2012).  When renovation is not a feasible option, investigating the biotic features of an 
urban pond and placing a priority on areas with acceptable existing features becomes a 
priority.  Many urban ponds can be acceptable sites for angling recreation regardless of 
investment.  Focusing on advertisement and promotion of the available services can 
drive interest in a local populace may have overlooked the site in the past.  This can 
eventually lead to increased interest in stewardship, site improvement and preservation, 
and improve local angler recruitment and retention – an important goal of all urban 
fisheries programs. 
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Tables and Figures 
Table 1. The rubric categories in the urban pond evaluation matrix pertaining to biotic characteristics.  Each category has 
scores of 1-5, represented by the terms Excellent, Acceptable, Needs Work, Needs Significant Work, or Unworkable 
with Excellent being 5 and Unworkable being 1.  Each score is represented by a descriptor. 
 Biological 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
No visible algae or 
other vegetation 
problems. No known 
invasive/problem 
species (e.g. carp). 
Good reports from 
anglers on fish 
size/quantity. 
Minor algae and 
vegetation issues 
(<20% coverage). No 
known 
invasive/problem 
species. Good to 
moderate reports 
from anglers on fish 
size/quantity. 
Moderate algae and 
vegetation problems 
(20-40% coverage). 
Some invasive/problem 
species. Fair to poor 
reports from anglers on 
fish size/quantity. 
Severe vegetation 
problems (~50% 
coverage). 
Invasive/problem species 
prevalent. Poor reports 
from anglers on fish 
size/quantity. 
Severe vegetation 
problems (50-100% 
coverage). 
Undesirable species 
majority of biomass 
(e.g., carp, 
duckweed, 
invasives). 
 
 Fish 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
High numbers (EF 
CPUE >200/hr) of 
desirable species. 
Target management 
species in good body 
condition (e.g., 
preferred size panfish). 
Target species mix 
(bass, bluegill, catfish 
typically) is the vast 
majority. No problem 
species present.  
Moderate numbers 
(EF CPUE ~50-200) 
of desirable species 
in varying body 
condition (e.g., few 
large, many small 
panfish). 
Supplemental 
stocking needed in 
one species. No 
problem species 
present. 
High numbers (EF 
CPUE >200/hr) of 
desirable species in 
poor body condition 
(e.g., stunted panfish 
population). 
Supplemental stocking 
needed in more than 
one species. Few 
problem species 
present. 
High numbers (EF CPUE 
>200/hr) of desirable 
species in poor body 
condition (e.g., stunted 
panfish population) OR 
low overall biomass. 
Heavy stocking (e.g., 
predator reintroduction) 
needed or complete 
renovation needed. Many 
problem fish species 
present in high numbers. 
No fish present due 
to environmental 
conditions OR only 
species present non-
game/problem 
species (e.g., rough 
fish). 
 
 
 7
7
 
Table 1. (continued) 
 
 Vegetation 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Healthy amount of 
diverse vegetation 
(>2 species in 
blended ratio) that 
does not inhibit 
angling (nearshore 
areas relatively 
clear), but provides 
cover for fish and 
aesthetic 
enhancement of 
pond (10-20% 
coverage). 
Low diversity of 
vegetation (1-2 
species is majority) in 
moderate amounts 
(20-40% coverage) 
OR mostly devoid of 
vegetation. Minor 
angling hindrance 
(ring close to shore 
with gaps for fishing). 
Minor pond 
aesthetics drawbacks 
(vegetation not very 
visible).  
Low diversity (1-2 
species is majority) in 
moderate to high 
amounts (>40% 
coverage) OR some 
invasive species 
present. Periodic 
moderate-high levels of 
angling hindrance 
(large ring close to 
shore). Moderate 
impact to pond 
aesthetics (vegetation 
visible). 
High density of 
problematic vegetation 
(50-75% coverage) OR 
majority of vegetation 
invasive. Nearly constant 
impact on angling (very 
large near shore ring). 
Vegetation die-offs likely 
to cause fish kills. Severe 
impact on pond 
aesthetics (vegetation 
very visible and/or 
considered unattractive). 
Completely choked 
with vegetation (75-
100% coverage) 
invasive or non-
invasive. Very 
problematic visual 
appeal and 
aesthetics 
(vegetation 
unsightly).  
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Table 2. A list of sites by county and city location, with notation for jurisdiction, assessed 
by the Urban Fisheries Project in phase one from 2009 – 2012. These sites were 
primarily under jurisdiction of Polk County Conservation Board and City of Des 
Moines, Iowa. They serve as a benchmark for site prioritization used by a principal 
component analysis. 
 
 
  
County City Jurisdiction Park/Pond Name 
Polk County Altoona County Thomas Mitchell Park 
Polk County Des Moines City Birdland Park 
Polk County Des Moines City Case Lake 
Polk County Des Moines City Dean's Lake 
Polk County Des Moines City Ewing Park 
Polk County Des Moines County Ft. DSM Park 
Polk County Des Moines City Glendale Pond 
Polk County Des Moines City Grandview Pond 
Polk County Des Moines City Greenwood Park 
Polk County Des Moines Private Lake Cheerio 
Polk County Des Moines City MacRae Park 
Polk County Des Moines City Riverview Park 
Polk County Des Moines City/Private Sleepy Hollow Park 
Polk County Des Moines City/Private Tai Dam 
Polk County Des Moines City Waveland Pond 
Polk County Des Moines City Witmer Park 
Polk County Des Moines County Yellow Banks Park 
Polk County Pleasant Hill City Copper Creek 
Polk County Polk City County Skull Pond 
Polk County Polk City County Teal Pond 
Polk County Polk City County Two Dam Pond 
Polk County Urbandale City Lakeview Park 
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Table 3. A list of sites ordered by county and city location, with notation for jurisdiction, 
as assessed by the Urban Fisheries Project in phase two from 2012 – 2014. These 
sites reside within the nine-county study area of Central Iowa. 
 
County City Jurisdiction Park/Pond Name 
Dallas County West DSM City City Park 
Polk County Altoona City Falcon Ridge Pond 
Polk County Altoona City Prairie Heritage Park 
Polk County Altoona City Tuscany Pond 
Polk County Ankeny School Centennial HS East Pond 
Polk County Ankeny School Centennial HS West Pond 
Polk County Ankeny City Georgetown Park 
Polk County Ankeny City Hawkeye Park 
Polk County Ankeny City Hillside Park 
Polk County Ankeny City Horizon Park 
Polk County Ankeny City Promenade Park 
Polk County Ankeny City Renaissance Park 
Polk County Ankeny City Sawgrass Park 
Polk County Ankeny City Sports Complex North Pond 
Polk County Ankeny City Sports Complex South Pond 
Polk County Ankeny City Springwood Park 
Polk County Ankeny City Vintage Park 
Polk County Ankeny City Westside Park 
Polk County Polk City City Marina Cove Pond 
Polk County Urbandale City LA Ward 
Polk County Urbandale City Walker-Johnston Park 
Story County Ames City Moore Park 
Warren County Indianola City Pickard Park 
80 
 
Table 4. Lake evaluation matrix scores for each site’s biotic assessments, ordered by 
their final rank generated from the statistically weighted analysis. Phase 1 indicates 
sites evaluated in 2009-2012 and Phase 2 indicates sites evaluated in 2012-2014. 
Key to abbreviations found below tables. 
Pond Phase Bio1 Bio2 Bio3 
Ft. DSM 1 4 5 3 
Two Dam 1 4 5 2 
Thomas Mitchell 1 4 5 4 
Yellow Banks 1 4 5 4 
Lake Cheerio 1 2 3 2 
Greenwood 1 2 3 2 
Tai Dam 1 3 3 3 
Georgetown 2 5 4 4 
Sawgrass 2 5 5 5 
Marina Cove 2 3 5 3 
Centennial East 2 4 4 5 
Centennial West 2 4 4 5 
Prairie Heritage 2 3 4 3 
Lakeview 1 3 3 2 
Vintage 2 4 4 5 
Witmer 1 2 3 2 
City Park 2 3 4 5 
Copper Creek 1 4 3 4 
Promenade 2 3 4 5 
Moore 2 2 3 2 
Falcon Ridge 2 4 4 4 
Springwood 2 3 3 2 
Hawkeye 2 3 2 4 
Walker-Johnston 2 3 2 4 
LA Ward 2 4 4 4 
Westside 2 2 2 1 
Skull 1 3 3 2 
Teal 1 3 3 2 
Sports South 2 4 3 4 
Pickard 2 4 5 4 
Horizon 2 3 3 3 
Tuscany 2 2 3 2 
Hillside 2 2 2 2 
MacRae 1 3 3 3 
Renaissance 2 2 2 2 
Sports North 2 3 3 5 
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Table 4. (continued) 
Pond Phase Bio1 Bio2 Bio3 
Glendale Pond 1 4 1 3 
Birdland 1 1 2 4 
Dean's Lake 1 3 2 3 
Ewing 1 1 1 4 
Sleepy Hollow 1 1 1 4 
Riverview 1 1 2 4 
Grandview Pond 1 4 2 4 
Waveland Pond 1 4 2 4 
Case 1 1 2 4 
 
 
  
Bio1 Overview of vegetation prevalence, fish prevalence, and invasive species issues. 
Bio2 Fish population structure including numbers and size considerations. 
Bio3 Specific vegetation issues including species presence, diversity, and abundance. 
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Figure 1. Initial lake scan results for targeted central Iowa counties. Map developed using aerial photography and GIS technologies. 
Only ponds in proximity to urban areas with populations greater than 5000 were considered, identified by darker red in the 
underlying heat map. 
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Abstract 
Waning license sales over several decades has provided an impetus for 
reconnecting with Iowa’s 64% urban majority and a modern angler unable or unwilling to 
travel great distances to fish.  One result has been the recent urban fisheries 
assessments and improvements in Iowa active in some form for nearly a decade. The 
goal of the current state project has been to establish sustainable fishery resources for 
Iowa’s urban areas.  A cooperative effort between the Iowa Department of Natural 
Resources and Iowa State University centered on assessing a nine-county area in 
central Iowa from 2012 to 2014.  The study discovered 153 sites via remote sensing 
and reduced those to a more manageable 23 sites in four of the original nine counties.  
The project focused on ponds owned by cooperative and communicative municipalities. 
A site selection matrix was then developed to further prioritize these sites, and to focus 
time and potential funding on productive advancement of project goals.  This matrix 
takes aspects of pond features into account including: abiotic (social, watershed, pond 
physical characteristics, water chemistry) and biotic (fishery and vegetation).  Using 
data from 22 previously sampled sites in the region allowed for the development of a 
principal component analysis driven ranking system.  These ranks and other results 
from the evaluation matrix led to development of management recommendations for the 
top five sites in central Iowa.  These five highly ranked, priority urban fisheries provide 
many recreation opportunities for a wide range of communities on a sustainable basis. 
Enhancement and preservation of existing, well-functioning resources was an ultimate 
goal for this project because of the better overall potential return on investment.  
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Introduction 
In today’s fisheries management field, there is a renewed effort on site selection 
and prioritization that is specifically tailored to the management goals of the fishery in 
question.  To accomplish habitat restoration and preservation, biologists often use 
modeling procedures that incorporate geospatial data and a variety of location-specific 
data. One such example is stream habitat prioritization that often uses data gathered on 
flow, stream width, bank slope, canopy cover, and fish presence data (Kennish et al. 
2002; Thom et al. 2011).  These data are combined, weighted, and processed using 
statistical procedures robust enough to deal with their inherent variability.  For instance 
the variables stream width (meters) to bank slope (degrees) to flow (cubic meters per 
second) are all vastly different units and magnitudes, but nonetheless are important to 
consider in their entirety for their importance to a stream ecosystem.   In such complex 
datasets, univariate statistics have limited utility and multivariate procedures, e.g., 
multivariate analysis of variance (MANOVA), discriminant function analysis (DFA), 
principal component analysis (PCA), and a variety of others,  are employed (Paukert 
and Wittig 2002). 
The data used for urban fisheries site selection in Iowa are also similarly diverse.  
Fish and vegetation biometrics are linked with physical features associated with ponds 
and watersheds as well as social factors such as creel surveys, local stakeholder 
surveys, census information, and socio-political will or capital.  As indicated earlier, the 
complex data associated with an urban fisheries project presents a challenge for 
analysis.  A data simplification method using a Likert-like scale was employed to 
condense complex data and site identification features into a simpler, ordinal data 
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system that could then be processed with traditional multivariate statistical methods.  
Use of similarly scaled data sets is common in rapid assessment methods such as the 
United States Department of Agriculture Natural Resources Conservation Service’s 
(USDA NRCS) Stream Visual Assessment Protocol (USDA 1998, 2009) and other 
studies that link these data types (Radiarta et al. 2008). 
The goal of the project and the Iowa Department of Natural Resources (DNR) 
was to improve the quality of Iowa’s urban fisheries. To work towards this goal, the 
objective was to develop an evaluation matrix for rapid assessment of Midwestern 
urban ponds.  In turn, this matrix can be used as a guide to collect pertinent data on the 
biotic and abiotic features of central Iowa’s urban ponds. An objective of the project was 
to incorporate the abiotic and biotic attributes of urban ponds into the aforementioned 
matrix.  
Methods 
Data collected for each site in the study were pooled and converted into 
simplified variables as part of a scaled, ordinal data set.  These variables were 
determined through field sampling and other methods, and simplified into a matrix of 
evaluation that takes the form of a “grading rubric” (Table 1). The ordinal data system 
used for the project delineated abiotic and biotic data sources into 12 categories, each 
with five ranks based on state management terminology and input.  Each variable has 
scores from 1-5 indicating poor performance (1, “Unworkable”) to great performance (5, 
“Excellent”) in several categories that indicate social, biological, chemical, and physical 
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characteristics of each pond.  These variable categories required codification for 
analysis in the statistical software, with a key available in Table 4. 
Analysis of overall trends exhibited by project data was accomplished using a 
Principal Component Analysis (PCA) procedure.  Open-source statistical packages 
were used for analysis and visualization.  The R statistical software package (Versions 
2.14.1 to 3.0.2; http://www.r-project.org/) was used for all statistical analysis, and 
visualizations were primarily generated using the G-Gobi graphical package (Version 
2.1.10a; http://www.ggobi.org/).  The benchmark data set developed by the surveys at 
the phase one sites in Des Moines (2009-2012 locations: Table 2) was used to develop 
baselines for the ranking procedure. The PCA helped define the most influential 
components of the survey, i.e., most influential data/rubric categories, which guided the 
decision-making process of phase one of the urban fisheries project. The PCA identified 
the greatest sources of variance among the data and resultant categorization of the 
sites.  Using methods described by Ludwig and Reynolds (1988), each variable was 
transformed into relatable values and compared to others on a response plane. Those 
variables, representatives of combinations or contrasts of the rubric categories, that 
explain the highest amount of the variance and, therefore, have the most significance in 
the site selection process were labeled as principle components (PCs).  The PCs then 
have the potential to be used in future evaluation of sites to streamline the process. 
Additionally, the PCA was used to calculate a ranking statistic. Using the PCA 
output that indicated weighted importance of each component (rubric category); the 
rubric scores for each category at each site could be processed by a transformation 
data matrix and simplified to a single statistic. This overall grading statistic was used to 
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establish the order for a ranking system for all sites studied by the Urban Fisheries 
Project (Table 3). Lake priority was then determined by setting bounds for the ranking 
statistic, guided by the Iowa DNR’s desired number of sites for each priority, e.g., 
primary, secondary, or eliminated. Site numbers desired for each priority were mostly 
arbitrary decisions; however, five top priority sites to receive management 
recommendations were explicitly requested.  An eventual guideline of 15 primary, 15 
secondary, and the remainder eliminated was developed to guide researchers. 
Results 
Results for each data category were tabulated and analyzed statistically as 
needed per the methods standard to each (with the exception of managerial support 
and other human survey data). Limitations of the statistical software required 
codification of the matrix categories, which are keyed in Table 4. Each analysis was 
performed with consideration of the site selection matrix to determine each site’s score 
as needed by the rubric. Determining each site’s scores per rubric category was the 
goal of the analysis process. This was needed to efficiently evaluate many sites and 
determine overall priority status. More comparison and data analyses were done among 
sites rather than within sites, so the resolutions of data analyses reflect that. All results 
from site selection matrix grading of each site, including benchmark sites from the 2009-
2012 sample period, can be found in Table 4. 
Data for each category was plotted against others to identify trends within the 
data (Figure 1). Across these data, we saw positive correlations between some matrix 
statistics, e.g., the example presented in Figure 2 noted the relationship between 
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watershed and physical pond characteristics. This is logical, as lake depth and bottom 
contours are affected by actions in the watershed, e.g., erosion and sedimentation 
(Booth and Reinelt 1993; Fiener et al. 2005; Heathcote 2013; McAlister et al. 2013).  
This relationship is also noted in the overall correlation with R2 values among the 
categories (Figure 3). 
Using the PCA, the most statistically important variables were identified. Figure 4 
outlines the identification of the two most important PCs, or combinations of variables 
with a statistical weighting of each. The first principle component reveals that each 
variable is generally important to the overall ranking of any individual pond, e.g., all the 
aspects of the matrix were somewhat important to the decision process. Each matrix 
category received a specific weighting based on results from the PCA, which indicated 
their relative importance in the ranking process.  For instance, vegetation data (Bio3) 
with a PC1 statistical value of -0.061 was the variable that appeared to have the least 
effect on initial ranking, while pond physical structure (Phys2) had the greatest effect 
with a PC1 value of -0.359. This indicates that factors like current pond depth may be 
more important for site selection than pond vegetation density. Further analysis using 
other PCs adjusts the overall weight of each variable, with vegetation statistics (species 
presence, diversity, and abundance; Bio3) demonstrating greater effects in the contrast 
identified by PC2.  
 Next, an overall rank was determined for each site from the 2009-2012 and 
2012-2014 data sets. Using multivariate evaluation methods to interpret a scree plot 
(Figure 4), a display of the eigenvalues generated by the PCA to identify components 
that account for the most variation, indicated that two to three components were ideal 
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for evaluation.  Further modeling led to the use of two principal components, PC1 and 
PC2.  Each principal component represents a specific combination and individual 
weighting of data types that account for the most variability in the data.   PC1 is a linear 
combination, allowing all variable categories to have an effect on site rank, albeit 
individually weighted.  PC2 is a contrast of several variables. These two arrays of 
relative weightings (eigenvalues), when pooled, accounted for a large portion of the 
variability of the data (Figure 4). 
These two most important principle components were then used to weight the 
scores from each matrix category, and the resultant weighted and totaled scores were 
combined and sorted to achieve the final ranking.   Results from this process are 
presented in Table 3.  Figure 5 shows a graphical representation of the relationship of 
each matrix category on a plane, with sites plotted showing how each location performs 
in relation to the principal components.  With this information we can also see that the 
sociological and location variables are important in predicting a pond’s average overall 
score.   
In turn, violin plots demonstrating how PCA-based ranking scores delineated 
sites were developed (Figure 6).   Matrix ranking scores of sites from the 2009-2012 
phase of the urban fisheries that were previously selected by Iowa DNR staff are plotted 
alongside of the sites evaluated as part of the 2012-2014 phase of the project. The 
resulting overlap among Primary, Secondary, and Eliminated pond categories and 
morphing of violin shapes represent the categorization of the new sites and show the 
distribution of 45 pond rankings (e.g., 1-45) among site status (e.g., Primary, 
Secondary, or Eliminated). 
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Discussion 
Many sites that had been identified for lake renovations by Iowa DNR staff using 
methods based on Iowa’s Significant Publicly-owned Lakes (SPOL) system were 
ranked highly, supporting the validity of the system of using the combination of the PC 
variables to create a ranking statistic (Bachmann 1980; Iowa DNR 2010). The fact that 
many Polk County Conservation Board properties appear near the top of the ranked list 
(Table 3) is a result of both the initial health of the their ponds (Table 2) and 
commitment by local stakeholders to improve them. The top three ponds (Fort Des 
Moines, Two Dam, and Thomas Mitchell) all have active or completed renovation 
projects. Community and local commitment to site improvement (as well as the 
monetary investment that goes with it) could be considered the most important aspect of 
site selection; however, this variability can be hard to capture with the matrix. Because 
there are renovations happening at many of the top ranked sites, information garnered 
from this project strongly suggests the matrix and resultant ranking system are accurate 
enough to guide future site assessment and selection.  
Another variable of interest that presented itself in the results of the scoring and 
ranking systems is the status of a pond as publicly or privately managed. Lake Cheerio 
is ranked fifth by the site selection matrix due to available amenities, community value, 
location, watershed, and physical characteristics. In the final evaluations of the 2009-
2012 study period, this site was identified as a “Secondary” site due to the fact that its 
public access is extremely limited because it is managed by a private entity. This is also 
reflected in the “Secondary” status assigned to the Tai Dam location, which has great 
community involvement, but a complex public-private management arrangement.  
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Using this same matrix for the 2012-2014 sampling period, the ponds at Ankeny 
Centennial High School are ranked high and are listed as primary sites; however, 
concerns over public fishing access resulted in overlooking them for immediate 
management recommendations. Additional consideration for fair distribution of 
resources among the cities was applied when individual cities had many highly ranked 
sites. For instance, Ankeny has a large number of ponds, two of which were selected as 
primary sites for management recommendations; however, a third, Vintage Lake, was 
omitted from the final list of recommended projects to better distribute prioritized 
fisheries among other population centers.  
There are other variables that determine suitability of each site including the 
frequency of flooding from nearby rivers, e.g., oxbow and mining pit-type lakes, and 
potential safety issues (primarily crime, i.e., if the site is far from patrolled streets).  
While these issues factored into some of the initial decision making process, all sites 
evaluated by the matrix were deemed acceptable in these categories, thus passing the 
initial site selection process that narrowed our list from more than 150 to the 45 sites 
analyzed by the matrix.   
The ability to modify the ranking system as needed on a regional basis adds 
versatility and robustness to the system.  This versatility applies in-kind to the situations 
previously mentioned such as a large number of priority sites in one particular 
population center.  As the inclusion of one site over another is largely a human 
management decision and can be accounted for after the ranking process is completed, 
using context and thorough justification will be important.  This point is illustrated in the 
plot showing the distributions of site status affiliations in Figure 6. 
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 This system has immense value for fisheries managers as it provides a 
statistically justified reasoning to focus on high priority lakes for management and 
renovation needs. It is important to note that consideration should be applied to 
extraneous variables not sufficiently accounted for by the PCA or site evaluation matrix, 
e.g., availability of funding or socio-political will.  However, there are some limitations of 
the matrix also presented themselves in the analysis.  The use of ranking variables on a 
1-5 whole numbers scale allowed for limited variation in the scores of each matrix 
category.  Due to the robustness of the PCA, all ties were avoided even when 
evaluating this relatively large number of sites.  However, an increased number of sites 
being evaluated statewide can result in rank ties if these methods are used unmodified.  
An expansion to a 10 point system, or a system with a different range of values in each 
category as seen in other studies, may lend more resolution to the data and help lower 
confusion in overall results (Radiarta et al. 2008; USDA 1998, 2009).   
Other advancements in sampling standard procedures or a modification of the 
matrix to follow existing standards will help future users to objectively assign sites 
appropriate variable values in accordance with sampled values.  As it was used for this 
study, the matrix allowed for conversion of sampled data to an ordinal rank, but the 
process was often subjective and linked to the will of local management staff.  As seen 
in the Stream Visual Assessment Protocol (USDA 1998, 2009), objectivity is strived for 
using very specific variable descriptions.  With further evolution of the urban site 
selection matrix over time, objectivity can be increased with stronger feature definition 
and links to appropriate standard sampling protocols.  This will also increase 
adaptability to other diverse locations and different management foci. 
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Management Recommendations 
The first step in any fisheries management plan is gathering data specific to the 
management goals. While some data were obtained for these sites, higher resolution 
data are needed to develop specific recommendations and obtain funding to complete 
projects. Data contained herein should be used only as a baseline, and further 
development of a long-term data set at priority sites should be a high priority. Long-term 
data sets are necessary to calculate return on investment and improvement over time 
with any lake, watershed, or park improvement work and are important for sustained 
funding. 
An in-depth water quality sampling protocol should be instituted at each site as 
any management plans go forward. While Total Maximum Daily Load (TMDL) 
(http://water.epa.gov/type/oceb/oceandumping/dredgedmaterial/emerging_tmdl.cfm) 
measurements are required by some grants, a simplified water sampling protocol can 
be used to identify pollutant inputs from the surrounding watershed and advise the 
process of watershed restoration.  Additional water quality measurement tactics, e.g., 
tributary sampling, can help pinpoint problem areas and guide watershed restoration.  
Water quality metrics are also the easiest way to show measureable improvement at 
sites as restoration plans are carried out in the watershed and lake. Even improvements 
in simple parameters, e.g., secchi depth, are often cited as milestones after a lake 
dredging or a watershed restoration (Birch and McCaskie 1999; Gill et al. 2005; Gémesi 
et al. 2011; Heathcote 2013).   
A full watershed erosion survey should also be conducted to highlight areas of 
greatest need for sediment control. Sedimentation is the primary pollutant in Iowa lakes, 
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and urban lakes are no different (Keefer-Whitcomb 2000; Heathcote 2013; Iowa 
Geological and Water Survey 2013; McAlister et al. 2013). Sediment control structures 
also serve to enhance water quality and mitigate vegetation issues like water clarity and 
high vegetation density due to high phosphorous inputs (Fiener et al. 2005). We 
recommend using the U.S. Environmental Protection Agency’s (USEPA) Spreadsheet 
Tool for Estimating Pollutant Load (STEPL) modeling, along with the Revised Universal 
Soil Loss Equation (RUSLE) and Stream Visual Assessment Protocol from the USDA 
(USDA 1978, 1998, 2009; USEPA 2010). These processes, particularly STEPL, will 
highlight areas of gully erosion, which have historically been problematic for urban lakes 
with large storm sewer inputs in the watershed.  While estimates of portions of these 
parameters were used for this project, moving forward with priority site management will 
require more in-depth evaluation of watershed features using these or similar methods. 
Sedimentation was apparent at all sites, including those selected for special 
management consideration. Implementation of sediment control structures is often a 
key part of watershed restoration (Fiener et al. 2005; Williams et al. 2013). These 
structures were implemented in previously completed or in-progress renovation projects 
at phase one sites (2009-2012 sample period) including Greenwood, Fort Des Moines, 
Two Dam, and Thomas Mitchell.  
In the interest of data set expansion, additional community and stakeholder 
information should be gathered through a watershed resident survey. An angler survey, 
or creel, is also recommended to address the needs of this target user group. Creel 
studies were conducted at Greenwood pond and were scheduled for Thomas Mitchell 
pond 2014-2015. These surveys provide valuable information on community dynamics 
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at a specific site, and in conjunction with regular public information exchanges to inform 
and take input on any restoration proceedings can help assess the social capital behind 
a site restoration (Sabatier 2005; Sweatman et al. 2008). Similar surveys post-
restoration can indicate an increase in local stakeholder awareness, satisfaction, and 
stewardship for the site. 
Many options for stream and watershed restoration exist and can be pursued 
with local Natural Resource Conservation Service (NRCS) and Soil & Water 
Conservation District staff. Prairie Heritage Pond, for instance, has an existing rock 
check sediment retention structure upstream from the main lake. Other sites have many 
potential locations for similar or other types of structures. A maintenance plan for 
optimal performance for these kinds of structures should be developed as part of a long-
term management strategy.  
As with all lake restorations in the state of Iowa, emphasis on the watershed and 
water quality has proven to be the most effective way to address issues of pond health 
from vegetation and fish health to flood control and pond depth maintenance. Most of 
the priority sites are relatively new constructions, e.g., less than 25 years old. Marina 
Cove, for instance, was built within the last decade and sedimentation has already 
impacted its available water volume and shoreline profile. In the cases of Marina Cove 
and Prairie Heritage, large plumes of sand from winter de-icing have come thru the 
stormwater system into the ponds. Removal of the existing near-shore sand is advised 
to prevent future issues. Prevention of this form of sedimentation can be difficult with 
direct stormwater inputs into stormwater retention ponds like these; however, an 
aggressive street sweeping program in early spring or use of alternative ice melting 
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products, e.g., brine solutions, can help limit the amount of sand washed into the ponds 
by snow melt and spring rains.  
Sedimentation from shorelines caused by wave action and settling/slumping is 
apparent at all five priority ponds. Shoreline armoring with rock is a potential solution 
and has worked at other urban sites, e.g., Fort Des Moines and Lakeview ponds. Costs 
vary depending on type of rock, but class-D limestone riprap can be locally sourced and 
is the most commonly used. Cost estimates per ton are available through local Iowa 
DNR fisheries management staff. Other solutions include proper vegetation 
management and a shoreline buffer zone of deep-rooted prairie plants. Strategic use of 
intermittent water access zones can be used to alleviate public concerns about reduced 
accessibility due to vegetation (on shore or in lake). More resources on this and similar 
methods can be found in the publications found linked in the appendices. 
The other ponds in our priority list are also impacted by sedimentation and are 
older constructions than Marina Cove, so sedimentation may be more spread out of the 
lake, causing an overall depth reduction and water volume loss. Water depth can be 
important to pond health in several ways, providing increased habitat for fish, reduced 
vegetation coverage (sunlight penetration limits), and prevention of winter and summer 
kills by providing more oxygen rich safe zones. Sawgrass, Prairie Heritage, and City 
Pond all have significant sedimentation in the upper-end and reduced overall depth. In 
particular, City Pond has an average depth of 1.2 m (4 ft) and a maximum depth of 1.8 
m (6 ft), indicating significant sedimentation issues in the past. In conjunction with 
aforementioned watershed management protocols, targeted sediment removal should 
be instituted to return the ponds to a more healthy state, with ideal average depths 
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around 2.5 m (8 ft). Again, proper cost estimates and project scope should be provided 
by an engineer, but gross cost estimates for sediment removal can be obtained from the 
NRCS or other resources. 
Periodic fish kills can be reduced but not entirely eliminated by the use of 
aeration units.  They can provide fish with necessary oxygen year long, but managers 
must also consider public safety during winter if ice fishing or other on-ice activities are 
common as aeration will weaken all surface ice and eliminate it in certain sections. 
Several sampled ponds had active aeration, and when compared to other ponds with no 
aeration or only fountains, these had a better and more sustainable dissolved oxygen 
profile (Lovell et al. 2012). Cost estimates for diffusers and other forms of aeration can 
be obtained from several aeration service providers in Iowa. 
Vegetation management often coincides closely with watershed and water quality 
management. As water quality improves, vegetation also changes. Deepening a pond 
can reduce overall vegetation coverage to desirable levels through shading, while water 
clarity improvements can increase vegetation density and coverage. Careful attention to 
vegetation management strategies from spot chemical treatment to aeration can help 
reduce potential problems. Prairie Heritage Pond, for instance, could benefit from an 
aeration system to help reduce floating filamentous algae. Others like Georgetown had 
little vegetation present, indicating potential presence of grass carp (Ctenopharyngodon 
idella) or annual chemical treatment. For all strategies, proper protocols should be 
followed including, but not limited to, proper permitting for aquatic pesticide application 
(Clayton 2009; Madsen et al. 2012).  
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Fishery renovation or restocking is often among the final steps for pond 
renovation, and each site will have specific requirements. Some sites can be improved 
without a full fishery renovation, i.e., fish kill and restock. Indeed, all sites ranked as high 
priority showed no signs of significant problem fish species, e.g., common carp 
(Cyprinus carpio). Fishery renovation may be considered for the sites with stunted fish 
populations, like the black crappie (Pomoxis nigromaculatus) fishery in Georgetown and 
Marina Cove. Ideally, an Iowa farm pond mix of largemouth bass, bluegill, and channel 
catfish would provide the most desirable and sustainable fisheries in these small 
systems. Target audiences at each site should be taken into account for final stock 
management plans, as many urban fishing sites primarily host young families who may 
not have the same fishing preferences as dedicated anglers as indicated by the creel 
survey at Greenwood pond (Aday and Graeb 2012; Neal and Willis 2012). 
Finally, post restoration results for important fishery metrics should be evaluated. 
To help measure the impacts of any fishery renovation process, data comparisons 
between pre- and post-renovation levels are needed. For instance, given the 
importance of abiotic factors in site selection, the comparison of water quality 
information before and after construction of a sediment retention pond, for instance, can 
help justify the cost of original construction and lend credence to that practice at other 
sites within the jurisdiction. Continued assessments of pond sites through long-term 
monitoring including periodic fish, vegetation, and water quality sampling should be 
carried out. Development of long-term monitoring plans should be included in the 
planning stages of renovation and improvement work based on the concerns of the 
management team and include at a minimum: parameters to be tracked, procedures for 
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doing so, responsible parties, and a timeline. General Iowa DNR protocols could be 
used, but site-by-site monitoring plans are preferable. 
Funding Notes 
Many diverse and constantly changing grant opportunities exist for natural 
resources improvements in Iowa. The original purpose of the Urban Fisheries Project 
was to identify sites for potential improvement via funds set aside by the Iowa DNR 
specifically for urban fisheries. As of completion of this report, that fund’s future is 
uncertain; however, any funding process will likely be a competitive affair. Grantors like 
Resource Enhancement and Protection (REAP) and the Watershed Improvement 
Review Board (WIRB) receive many applications each year. Long-term sustainability of 
urban fisheries funding will likely be best sourced through a state sales tax conservation 
initiative. Regardless of funding source, having well-structured management plans like 
those currently in development at the city level of the priority sites, as well as a strong 
data portfolio, provide the best opportunities for receiving grant money.  
Conclusions 
Use of the evaluation matrix as a tool to aid in top priority site identification led to 
development of base management plans for the top five sites in central Iowa.  These 
five highly ranked, priority urban fisheries provide many recreation opportunities for a 
wide range of communities. Enhancement and preservation of existing, well-functioning 
resources was an ultimate goal for the products of this project because of the better 
overall potential return on investment. Some water bodies ranked as secondary or 
eliminated, however, should not be forgotten entirely. Many times a community initiative 
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to improve a location can overcome challenges identified and included in analyses like 
the site selection matrix. 
Accounting for additional variability in the site selection process is important, and 
often region specific.  To this end, adaptability is important for any site selection tool.  
Further research and modification of the matrix will be required by any future users; 
however, the base tool is useful to provide context and a framework.  The robustness of 
the PCA and ranking statistics generated therein allow for additions and modifications to 
existing matrix categories as well as the suggested expansion of the variable scale to 
enhance data resolution.  These tools and the ability to adapt them will allow regional 
managers to tailor site selection to their needs, but maintain the objectivity needed for 
comparisons and prioritization region wide. 
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Tables and Figures 
Table 1. The rubric categories in the urban pond evaluation matrix.  Each category has scores of 1-5, represented by the terms 
Excellent, Acceptable, Needs Work, Needs Significant Work, or Unworkable with Excellent being 5 and Unworkable being 1.  Each 
score is represented by a descriptor. 
 
 Basic Site Information 
 Safety (crime) issues? _____ No _____ Maybe _____ Yes 
 Flood history? _____ Frequent _____ Rarely _____ Never 
 
  Local Management Interest 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
The local management 
unit has spent significant 
time and money on site 
development already 
and/or has plans for 
future site improvement. 
Funding/in-kind 
cooperation for future 
work is earmarked. 
Local management 
has developed some 
basic plans for 
improvement and is 
securing funding, has 
funds earmarked, is 
looking for funds 
actively, or is willing to 
provide in-kind 
cooperation. 
Local management 
has ideas for 
improvements but no 
plans to implement 
them. No funding has 
currently been secured 
outside of the standard 
budget for 
park/location 
improvements. 
Local management is 
interested in doing some 
work, but has no concrete 
ideas as to what needs to 
be done or what they want 
to do. Funding or in-kind 
cooperation is 
questionable. 
Local management 
is uninterested in 
any improvements 
at the site and 
cannot make any 
investments. 
 
  Local Management Assessment of Neighborhood Interest 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Active neighborhood 
groups that would be 
willing to participate in 
some way with any 
future restoration 
projects and have 
already done similar 
things in the past. 
Neighborhood that is 
supportive of future 
work at the site, and 
possibly interested in 
participating in some 
way with said work, but 
have not done so to 
date. 
Neighborhood that is 
generally uninterested 
and/or undecided 
about a potential 
project at the site. 
Open to ideas, but so 
far no action. 
Neighborhood that is 
uninterested and possibly 
unwilling to participate with 
restoration efforts. 
Neighborhood 
completely unwilling 
to change existing 
management 
practices of area. 
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Table 1. (continued) 
 
  Location 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Plenty of parking, 
amenities, and access 
points (e.g. fishing piers, 
boat ramps) easily 
accessible to large, 
nearby user base.  
Some parking and 
amenities. Access 
points somewhat 
developed (e.g. gravel 
ramp, cleared 
shoreline) Short drive 
for potential user base.  
Very little parking and 
amenities. Fishing 
access acceptable for 
shoreline anglers only. 
Some distance from 
residential areas. 
Street parking only. No 
amenities. Overgrown 
shoreline (e.g. trees). Road 
access may be difficult 
(e.g. major thoroughfare, 
gravel road). 
No amenities or 
parking on site. Poor 
access. Far from 
roads or residential 
area. 
 
  Biological 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
No visible algae or other 
vegetation problems. No 
known invasive/problem 
species (e.g. carp). 
Good reports from 
anglers on fish 
size/quantity. 
Minor algae and 
vegetation issues 
(<20% coverage). No 
known 
invasive/problem 
species. Good to 
moderate reports from 
anglers on fish 
size/quantity. 
Moderate algae and 
vegetation problems 
(20-40% coverage). 
Some 
invasive/problem 
species. Fair to poor 
reports from anglers on 
fish size/quantity. 
Severe vegetation 
problems (~50% 
coverage). 
Invasive/problem species 
prevalent. Poor reports 
from anglers on fish 
size/quantity. 
Severe vegetation 
problems (50-100% 
coverage). 
Undesirable species 
majority of biomass 
(e.g., carp, 
duckweed, 
invasives). 
 
  Watershed Features 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Great watershed to lake 
ratio (<25:1). Many 
existing best 
management practices 
(e.g. rain gardens, 
bioswales). Well-
developed sites (no 
disturbed ground).  
Moderate watershed to 
lake ratio (< 50:1). 
Some best 
management practices 
implemented and 
many areas for others. 
Some development 
currently active. 
Higher watershed to 
lake ratio (>50:1). Very 
few best management 
practices implemented, 
but high (>25%) public 
ownership of 
watershed. Moderate 
development currently 
active. 
Higher watershed to lake 
ratio (>50:1). No best 
management practices 
implemented and only 
partial (<25%) public 
ownership of watershed. 
Moderate to high 
development or agricultural 
activity. 
High watershed to 
lake ratio (>50:1). 
No public ownership 
in watershed. 
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Table 1. (continued) 
 
  Pond Features 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Maximum depth 
adequate (>3m; 10ft) 
and over wide area of 
pond. Bottom contour 
sufficient for vegetation 
control (3:1 slope). 
Shoreline well 
maintained or rocked. 
Outlet and dam in good 
repair.  
Maximum depth 
adequate (>3m; >10ft) 
in small area of the 
pond. Bottom contour 
passable (<3:1). Some 
shoreline erosion at 
typical sites (points, 
windblown side). Dam 
in good repair, outlet 
fair. 
Maximum depth 
borderline (2-3m; 7-
10ft) or one very small 
hole of >3m (>10ft). 
Large areas of shallow 
water contained to 
upper end. Shoreline 
unkempt with 
widespread erosion. 
Dam in good repair, 
outlet unmaintained. 
Maximum depth 
questionable (1-2m; 4-7ft) 
with no distinct holes. 
Large areas of shallow 
water throughout pond. 
Shoreline erosion severe. 
Dam damaged and outlet 
unmaintained. 
Maximum depth 
poor (<1m; <4ft). 
Dam on verge of 
failure. 
 
  Field Water Chemistry 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Dissolved oxygen 
content high (>8 mg/L) in 
the morning. IOWATER 
data shows no red flags.  
Dissolved oxygen 
content moderate (4-8 
mg/L) in the morning. 
Few red flags in 
IOWATER data.  
Dissolved oxygen 
content moderate (4-8 
mg/L) in the morning. 
Several red flags in 
IOWATER data or no 
IOWATER data 
available. 
Dissolved oxygen marginal 
(<4 mg/L) in the morning. 
Many red flags or no 
IOWATER data presence. 
Dangerously low 
dissolved oxygen (0-
2 mg/L). 
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Table 1. (continued) 
 
  Fish 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
High numbers (EF 
CPUE >200/hr) of 
desirable species. 
Target management 
species in good body 
condition (e.g., preferred 
size panfish). Target 
species mix (bass, 
bluegill, catfish typically) 
is the vast majority. No 
problem species 
present.  
Moderate numbers (EF 
CPUE ~50-200) of 
desirable species in 
varying body condition 
(e.g., few large, many 
small panfish). 
Supplemental stocking 
needed in one species. 
No problem species 
present. 
High numbers (EF 
CPUE >200/hr) of 
desirable species in 
poor body condition 
(e.g., stunted panfish 
population). 
Supplemental stocking 
needed in more than 
one species. Few 
problem species 
present. 
High numbers (EF CPUE 
>200/hr) of desirable 
species in poor body 
condition (e.g., stunted 
panfish population) OR low 
overall biomass. Heavy 
stocking needed (e.g., 
predator reintroduction) or 
complete renovation 
needed. Many problem fish 
species present in high 
numbers. 
No fish present due 
to environmental 
conditions OR only 
species present 
non-game/problem 
species (e.g., rough 
fish). 
 
  Vegetation 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Healthy amount of 
diverse vegetation (>2 
species in blended ratio) 
that does not inhibit 
angling (nearshore 
areas relatively clear), 
but provides cover for 
fish and aesthetic 
enhancement of pond 
(10-20% coverage). 
Low diversity of 
vegetation (1-2 species 
is majority) in 
moderate amounts 
(20-40% coverage) OR 
mostly devoid of 
vegetation. Minor 
angling hindrance (ring 
close to shore with 
gaps for fishing). Minor 
pond aesthetics 
drawbacks (vegetation 
not very visible).  
Low diversity (1-2 
species is majority) in 
moderate to high 
amounts (>40% 
coverage) OR some 
invasive species 
present. Periodic 
moderate-high levels 
of angling hindrance 
(large ring close to 
shore). Moderate 
impact to pond 
aesthetics (vegetation 
visible). 
High density of problematic 
vegetation (50-75% 
coverage) OR majority of 
vegetation invasive. Nearly 
constant impact on angling 
(very large near shore 
ring). Vegetation die-offs 
likely to cause fish kills. 
Severe impact on pond 
aesthetics (vegetation very 
visible and/or considered 
unattractive). 
Completely choked 
with vegetation (75-
100% coverage) 
invasive or non-
invasive. Very 
problematic visual 
appeal and 
aesthetics 
(vegetation 
unsightly).  
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Table 1. (continued)  
 
Watershed 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
Very little stream based 
erosion (no active 
incision or slumping 
banks). Existing upper 
watershed control 
structures such as 
sediment basins or 
wetlands. Nutrient and 
sediment inputs minimal.  
Some stream based 
erosion (minimal 
incision and slight bank 
slumping). Few 
existing upper 
watershed structures 
and many sites for 
potential structures. 
Low nutrient and 
sediment input.  
Several areas of gully 
erosion (active incision 
and slumping banks). 
No watershed 
structures, but many 
sites for potential 
structures. Moderate 
nutrient and sediment 
input. 
Severe gully erosion 
(active incision and 
slumping banks). No 
watershed structures and 
few sites for potential 
structures. High nutrient 
and sediment input. 
No potential for 
watershed 
improvements and 
extreme problems 
with pollutants. 
 
  Pond 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
“Deep and steep” (3:1 
slope) structure typical 
of newly 
constructed/well 
maintained Iowa ponds 
with little sedimentation 
(<1-2m; 3-6ft). Fish 
habitat abundant. 
Fair pond structure 
(3:1 or 4:1slope) and 
low to moderate 
sedimentation (~1-2m; 
3-6ft). Fish habitat 
sparse, but potential 
habitat sites abundant. 
Marginal pond 
structure (>4:1 slope) 
with moderate to heavy 
sedimentation (>1-2m; 
3-6ft). Fish habitat non-
existent, but potential 
sites abundant. 
Very heavy sedimentation 
(>2m; 6ft). Poor bottom 
contours (low slope, no 
drop-offs). Fish habitat 
non-existent and potential 
sites limited. 
Prohibitive 
sedimentation (>3m; 
9ft) or unworkable 
original pond 
structure (e.g. hard 
bottom very 
shallow). 
 
  Water Quality 
Excellent Acceptable Needs Work Needs Significant Work Unworkable 
All water quality 
parameters fall within 
lower end of acceptable 
state guidelines. Most 
often the water looks 
“clean and clear” to 
outside observers.  
Water quality 
parameters fall within 
upper end of 
acceptable state 
guidelines. Water 
aesthetics variable thru 
year with some periods 
of “clean and clear”. 
Few parameters fall 
outside of acceptable 
state guidelines. Water 
rarely achieves “clean 
and clear” look. Smell 
or other aesthetic 
concerns. 
Several parameters fall 
outside of acceptable state 
guidelines. Water very 
rarely achieves “clean and 
clear” look. Some worrying 
pollutant issues (e.g. 
ammonia, e-coli). 
Most parameters 
outside of state 
guidelines. Water 
appears dirty all the 
time. Severe 
pollutant issues. 
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Table 2. A list of sites by county and city location, with notation for jurisdiction, assessed 
by the Iowa Urban Fisheries Project from 2009 – 2012. These sites were primarily 
under jurisdiction of Polk County Conservation Board and City of Des Moines. They 
serve as a benchmark for site prioritization used by the principal component analysis 
(also identified as phase one). 
 
 
  
 
  
County City Jurisdiction Park/Pond Name 
Polk County Altoona County Thomas Mitchell Park 
Polk County Des Moines City Birdland Park 
Polk County Des Moines City Case Lake 
Polk County Des Moines City Dean's Lake 
Polk County Des Moines City Ewing Park 
Polk County Des Moines County Ft. DSM Park 
Polk County Des Moines City Glendale Pond 
Polk County Des Moines City Grandview Pond 
Polk County Des Moines City Greenwood Park 
Polk County Des Moines Private Lake Cheerio 
Polk County Des Moines City MacRae Park 
Polk County Des Moines City Riverview Park 
Polk County Des Moines City/Private Sleepy Hollow Park 
Polk County Des Moines City/Private Tai Dam 
Polk County Des Moines City Waveland Pond 
Polk County Des Moines City Witmer Park 
Polk County Des Moines County Yellow Banks Park 
Polk County Pleasant Hill City Copper Creek 
Polk County Polk City County Skull Pond 
Polk County Polk City County Teal Pond 
Polk County Polk City County Two Dam Pond 
Polk County Urbandale City Lakeview Park 
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Table 3. Central Iowa pond rankings as calculated from the matrix scores after 
processing by the PCA methods. Sites selected for management planning indicated 
with highlighting. Phase 1 indicates sites evaluated in 2009-2012 and Phase 2 
indicates sites evaluated in 2012-2014. Status category indicates which priority 
status they were assigned (Primary, Secondary, or Eliminated). 
Pond City Manager Phase Ranking Status 
Ft. DSM DSM County 1 1 Primary 
Two Dam Polk City County 1 2 Primary 
Thomas Mitchell Altoona County 1 3 Primary 
Yellow Banks DSM County 1 4 Primary 
Lake Cheerio DSM Private 1 5 Secondary 
Greenwood DSM City 1 6 Primary 
Tai Dam DSM Local 1 7 Secondary 
Georgetown Ankeny City 2 8 Primary 
Sawgrass Ankeny City 2 9 Primary 
Marina Cove Polk City City 2 10 Primary 
Centennial East Ankeny School 2 11 Primary 
Centennial West Ankeny School 2 12 Primary 
Prairie Heritage Altoona City 2 13 Primary 
Lakeview Urbandale City 1 14 Primary 
Vintage Ankeny City 2 15 Primary 
Witmer DSM City 1 16 Secondary 
City Park West DSM City 2 17 Primary 
Copper Creek Pleasant Hill City 1 18 Secondary 
Promenade Ankeny City 2 19 Primary 
Moore Ames City 2 20 Secondary 
Falcon Ridge Altoona City 2 21 Secondary 
Springwood Ankeny City 2 22 Secondary 
Hawkeye Ankeny City 2 23 Secondary 
Walker-Johnston Urbandale City 2 24 Secondary 
LA Ward Urbandale City 2 25 Secondary 
Westside Ankeny City 2 26 Secondary 
Skull Polk City County 1 27 Secondary 
Teal Polk City County 1 28 Eliminated 
Sports South Ankeny City 2 29 Secondary 
Pickard Indianola City 2 30 Secondary 
Horizon Ankeny City 2 31 Eliminated 
Tuscany Altoona City 2 32 Eliminated 
Hillside Ankeny City 2 33 Eliminated 
MacRae DSM City 1 34 Secondary 
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Table 3. (continued) 
Phase City Manager Phase Ranking Status 
Renaissance Ankeny City 2 35 Eliminated 
Sports North Ankeny City 2 36 Eliminated 
Glendale Pond DSM City 1 37 Eliminated 
Birdland DSM City 1 38 Eliminated 
Dean's Lake DSM City 1 39 Eliminated 
Ewing DSM City 1 40 Eliminated 
Sleepy Hollow DSM Local 1 41 Eliminated 
Riverview DSM City 1 42 Eliminated 
Grandview Pond DSM City 1 43 Eliminated 
Waveland Pond DSM City 1 44 Eliminated 
Case DSM City 1 45 Eliminated 
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Table 4. Central Iowa pond evaluation matrix scores for each site, ordered by their final rank by the PCA. Phase 1 indicates sites 
evaluated in 2009-2012 and Phase 2 indicates sites evaluated in 2012-2014. Overall site rankings are found in Table 4. Key to 
abbreviations found below tables. 
Pond Phase Soc1 Soc2 Location WShed1 Phys1 Bio1 Chem1 Bio2 Bio3 WShed2 Phys2 Chem2 
Ft. DSM 1 5 4 5 4 5 4 5 5 3 4 4 5 
Two Dam 1 5 4 4 5 4 4 5 5 2 4 4 4 
Thomas Mitchell 1 5 4 4 5 4 4 5 5 4 4 4 4 
Yellow Banks 1 5 4 3 4 5 4 5 5 4 4 5 5 
Lake Cheerio 1 3 5 4 4 4 2 4 3 2 4 4 4 
Greenwood 1 5 5 4 3 3 2 3 3 2 2 3 3 
Tai Dam 1 2 5 4 4 5 3 4 3 3 4 4 5 
Georgetown 2 3 4 5 4 5 5 4 4 4 4 4 4 
Sawgrass 2 3 4 5 4 4 5 4 5 5 4 5 4 
Marina Cove 2 4 3 4 4 4 3 4 5 3 3 4 4 
Centennial East 2 3 4 3 4 5 4 5 4 5 4 5 5 
Centennial West 2 3 4 3 4 5 4 5 4 5 4 5 5 
Prairie Heritage 2 3 3 4 5 3 3 4 4 3 5 4 5 
Lakeview 1 5 3 3 3 3 3 4 3 2 4 4 3 
Vintage 2 3 4 4 2 4 4 4 4 5 4 5 5 
Witmer 1 3 4 4 3 3 2 3 3 2 3 3 3 
City Park 2 4 4 5 3 3 3 3 4 5 4 3 3 
Copper Creek 1 3 3 4 4 5 4 4 3 4 4 4 5 
Promenade 2 3 4 3 2 4 3 4 4 5 5 5 5 
Moore 2 3 5 2 3 2 2 3 3 2 4 2 3 
Falcon Ridge 2 3 3 3 4 3 4 5 4 4 4 4 5 
Springwood 2 3 4 3 3 3 3 3 3 2 3 3 3 
Hawkeye 2 3 5 4 3 2 3 3 2 4 3 2 3 
Walker-Johnston 2 4 3 4 4 3 3 3 2 4 3 4 4 
LA Ward 2 4 3 3 3 4 4 3 4 4 5 4 3 
Westside 2 2 3 4 2 3 2 3 2 1 4 3 4 
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Table 4. (continued) 
Pond Phase Soc1 Soc2 Location WShed1 Phys1 Bio1 Chem1 Bio2 Bio3 WShed2 Phys2 Chem2 
Skull 1 3 3 2 4 3 3 4 3 2 3 3 3 
Teal 1 3 3 2 4 3 3 4 3 2 3 3 3 
Sports South 2 2 3 4 3 5 4 3 3 4 4 4 4 
Pickard 2 3 3 3 3 3 4 3 5 4 4 3 4 
Horizon 2 2 3 3 4 3 3 3 3 3 3 4 4 
Tuscany 2 3 3 3 2 2 2 2 3 2 5 3 3 
Hillside 2 2 3 3 3 3 2 3 2 2 3 3 3 
MacRae 1 4 3 2 3 2 3 3 3 3 2 2 3 
Renaissance 2 2 3 3 3 3 2 2 2 2 3 3 3 
Sports North 2 2 3 4 3 3 3 3 3 5 4 3 3 
Glendale Pond 1 1 3 3 4 3 4 2 1 3 3 2 2 
Birdland 1 2 3 4 1 2 1 2 2 4 1 1 1 
Dean's Lake 1 1 3 2 2 2 3 2 2 3 2 1 3 
Ewing 1 2 3 3 2 1 1 2 1 4 3 1 1 
Sleepy Hollow 1 1 2 3 3 1 1 2 1 4 3 1 2 
Riverview 1 1 3 3 1 1 1 1 2 4 1 1 1 
Grandview Pond 1 1 2 1 3 2 4 2 2 4 3 2 2 
Waveland Pond 1 1 2 1 3 2 4 2 2 4 3 2 2 
Case 1 2 3 1 1 1 1 1 2 4 1 1 1 
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Table 4. (continued) 
 Soc1 Evaluation of local management and their willingness/capability to improve their sites. 
Soc2 Evaluation of the neighborhood surrounding the sites and their participation. 
Location Evaluation of site amenities and ability of the site to support future use. 
WShed1 Watershed ownership and ratio of watershed area to lake area. 
Phys1 Pond depth, dam condition, and shoreline erosion extent. 
Bio1 Overview of vegetation prevalence, fish prevalence, and invasive species issues. 
Chem1 Evaluation of basic water quality parameters such as dissolved oxygen. 
Bio2 Fish population structure including numbers and size considerations. 
Bio3 Specific vegetation issues including species presence, diversity, and abundance. 
WShed2 Stream and shoreline erosion assessment as well as information on nutrient inputs. 
Phys2 Pond construction information important to overall fishery health. 
Chem2 Water quality parameters established by field testing. 
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Figure 1. A subset of matrix data categories plotted against each other, showing some interrelation 
and positive correlation, Central Iowa Urban Fisheries project. This indicates an inter-reliance of 
these variables upon one another as they affect the total status of the pond. Key to abbreviations 
included.  
Soc1 Evaluation of local management and their willingness/capability to improve their sites. 
Soc2 Evaluation of the neighborhood surrounding the sites and their participation. 
Location Evaluation of site amenities and ability of the site to support future use. 
WShed1 Watershed ownership and ratio of watershed area to lake area. 
Phys1 Pond depth, dam condition, and shoreline erosion extent. 
Bio1 Overview of vegetation prevalence, fish prevalence, and invasive species issues. 
Chem1 Evaluation of basic field water quality parameters such as dissolved oxygen. 
Bio2 Fish population structure including numbers and size considerations. 
Bio3 Specific vegetation issues including species presence, diversity, and abundance. 
WShed2 Stream and shoreline erosion assessment as well as information on nutrient inputs. 
Phys2 Pond construction information important to overall fishery health. 
Chem2 Water quality parameters established by lab testing. 
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Figure 2. Comparison of the matrix scores of watershed erosion estimates (WShed2) and the matrix 
scores of pond physical characteristics (Phys2), mainly depth profile. Positive correlation identified 
by the direction of the data; R2 = 0.71. 
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Figure 3. Correlations between each matrix statistic identify inter-relatedness of the matrix categories as they apply to overall pond 
health. Most R2 values are positive, indicating the highest ranked sites have high rankings in most matrix categories. Key to category 
abbreviations can be found below figure. 
  
Soc1 Evaluation of local management and their willingness/capability to improve their sites. 
Soc2 Evaluation of the neighborhood surrounding the sites and their participation. 
Location Evaluation of site amenities and ability of the site to support future use. 
WShed1 Watershed ownership and ratio of watershed area to lake area. 
Phys1 Pond depth, dam condition, and shoreline erosion extent. 
Bio1 Overview of vegetation prevalence, fish prevalence, and invasive species issues. 
Chem1 Evaluation of basic field water quality parameters such as dissolved oxygen. 
Bio2 Fish population structure including numbers and size considerations. 
Bio3 Specific vegetation issues including species presence, diversity, and abundance. 
WShed2 Stream and shoreline erosion assessment as well as information on nutrient inputs. 
Phys2 Pond construction information important to overall fishery health. 
Chem2 Water quality parameters established by lab testing. 
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Figure 4. Scree plot of the principle components used to indicate appropriate number of components to use in final PCA analysis (2). 
Associated rotations indicate magnitude of variation contribution in each principle component by the matrix statistics. Highlighted 
rotations identify those categories accounting for the most variability in the data per principle component. PC1 can be identified as a 
linear combination of all variables, with the highlighted portions having the most magnitude. PC2 is a contrast, primarily of the social 
variables against two of the biological variables.  
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Figure 5. Biplot and accompanying summary of average rubric score values, higher scoring sites tend 
to reside in the circled area (representing negative PC values) while lower scoring sites are 
highlighted and found in the upper right (representing positive PC values). An average score of 
five would represent a maximum matrix rubric score, while one would represent a minimum rubric 
score. 
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Figure 6. Violin plots of PCA based ranking scores and how sites were delineated. Plot 1 (top) shows 
rubric ranking scores of sites from the 2009-2012 phase of the urban fisheries project that were 
selected by management staff. The violin tagged “New” is the alongside plotting of sites evaluated 
in the 2012-2014 phase of the project. Plot 2 (bottom) identifies eventual placement of the new 
sites, showing some overlap between Primary, Secondary, and Eliminated pond categories and 
morphing of violin shapes to account for the categorization of the new sites. 
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CHAPTER 5. GENERAL CONCLUSIONS 
The state of Iowa has seen a marked decline in fishing license sales over the 
past 25 years.  A 14.4% decline in license sales was observed during the period of 1999 
to 2004 (French 2006).  Recent data indicate that license sales in the past decade have 
somewhat stabilized, with 345,341 sold in 2004 and 333,114 in 2014; a loss of 3.5% 
which is somewhat complicated by the introduction of 3-year term licenses (1.2% gain 
when adjusted for 3-year license sales from previous years). In contrast, resident 
license sales showed a 6.1% (0.8% adjusted) decline over the same period.  However, 
positive news for Iowa’s programs also exists, with trout stamp sales increasing steadily 
during the same decade (Joe Larscheid, Iowa DNR, personal communication).   
Linked with the trout stamp success is a commitment by the Iowa Department of 
Natural Resources (DNR) to bring trout to Iowa’s urban areas.  A statewide survey of all 
anglers conducted in 2007 as well as statewide surveys of trout anglers in 2006 and 
2011 indicated that between 26-48% of trout stamps were sold specifically because of 
an urban trout fishery. This trend showed an increase over time, correlated in part with 
increased number of urban trout stocking locations (Responsive Management 2008; 
Steuck and Kopaska 2013).  When these results are coupled with angler travel habits 
(60% of trips occur within 20-25 miles), Iowa’s urban fisheries provide the best 
opportunities for a large number of Iowa’s existing and potential anglers (French 2006; 
Responsive Management 2008).  
A pilot study in central Iowa began in 2009, investigating the potential of an urban 
fisheries program to be more sustainable (i.e., fishery capable of being maintained 
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without supplemental fish stocking) in Iowa’s most populated city, Des Moines.  A 
successful grant program for urban fisheries improvements has made marked increases 
in the quality of several urban fisheries in central Iowa since this time, and expansion of 
the project was undertaken by Iowa DNR Aquatic Education in conjunction with the 
Boone Fisheries Management District. 
An Urban Fisheries Project was created in 2012 as a collaborative effort between 
Iowa State University Cooperative Fish and Wildlife Unit and the Iowa DNR.  Study and 
improvement of fishing resources in central Iowa’s urban communities were the main 
goals of this 2-year project.  The project investigated a study area that included nine 
counties; Boone, Jasper, Madison, Marion, Marshall, Polk, Story, and Warren.  
Combined, these counties contain 26.5% of Iowa’s residents in only 9.1% of its counties 
(U.S. Department of Commerce 2010). 
These recent developments for Iowa’s urban anglers come at a time when Iowa’s 
entire population continues to shift from traditionally rural towards urban.  The 2000 
census listed Iowa’s population as 61.1% urban, and by 2010 it increased to 64.0%.  
The 2010 census also identified that 56.9% of Iowa’s population could be identified as 
metropolitan, concentrated in 9 metropolitan areas in 20 counties in the state (U.S. 
Department of Commerce 2000, 2010).  Iowa’s metropolitan areas accounted for 73% 
of anglers 16 years old and older and nationally metro areas account for 89%; further 
indicating a need for urban fishery development (U.S. Department of the Interior and 
U.S. Department of Commerce 2011). 
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Initial assessment of the local managing entity’s knowledge of urban fisheries 
development indicated that many urban fishing resources were neglected due to city or 
county staff lacking knowledge regarding fishery management techniques.  As a result, 
most resources were poor in quality and underutilized by the public.  Nationwide there is 
a historic preference for fisheries research and management to be focused on natural or 
semi-natural lakes in rural settings.  This has challenged city/county park managers, 
who often have limited background in ecology (Birch and McCaskie 1999).  In Iowa, 
urban fisheries share similar abiotic and biotic factors with most other types of fisheries 
in the same region but some significant differences do exist.  These differences include 
aspects of function, management, morphology, and anthropogenic pressures that make 
them distinct from traditional rural fisheries. However, many parallels can be drawn 
between rural and urban ponds of similar size (USEPA 2009; Eades and Lang 2012; 
Steele and Heffernan 2014).  
A goal of this study was to develop a method of site selection that would be 
reinforced by an objective method of choosing sites to target monetary and labor 
investments.  A methodology for site selection was developed to streamline 
management processes; hereafter referred to as a site selection matrix. This matrix was 
used to efficiently incorporate many sampling metrics used in fisheries management 
into a scoring rubric to rank and prioritize sites. This allowed for quick evaluation of a 
large number of sites to help determine those best suited for future funding and 
improvements.  Additionally, the matrix can serve as an objective source of prioritization 
that is justifiable with a statistical model. 
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An initial scan of available resources in the study area using aerial imagery 
identified 153 waterbodies within proximity of population centers with greater than 5000 
residents.  Initial site selection procedure primarily focused on a broad approach to 
narrowing the 153 original scan sites to a more manageable number.  An initial 
objective of 15 sites (or 10% of 153) was put in place to focus efforts more effectively.  
Public ownership, flood history, waterbody size, and adequate communication with 
city/county staff allowed researchers to reduce the working number of sites to 23 with 
additional background data on 22 sites from the 2009-2012 sampling period. 
The background information from the original 2009-2012 explorative urban 
sampling was used as a guide to develop sampling procedures for the 23 new sites.  
Standard methods were implemented where possible with an emphasis on sampling 
efficiency to streamline the sampling process and rapidly assess each waterbody.  Data 
were gathered in areas of abiotic (social, chemical, and physical), and biotic (biological 
attributes of urban fisheries) within the context of the site selection matrix.  The matrix 
took the form of a rubric, assessing factors important to fisheries management including 
abiotic and biotic factors.   These factors were organized into 12 categories containing 
descriptors from “Unworkable” to “Excellent” and a corresponding score from 1-5 to be 
used for statistical analysis.  
Analysis of overall themes exhibited by these data was accomplished using a 
principle component analysis (PCA) procedure.  A PCA allowed the researchers to 
identify the importance of each matrix category in the site selection process, using the 
2009-2012 sampling period as a benchmark for the decision process.  The PCA was 
then used to calculate a rank for each lake.  The ranking output was calculated using a 
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transformation weighted by the importance of each matrix category.  This rank was then 
used to assign lakes into one of the following priority classifications; primary, secondary, 
or eliminated. 
The PCA output identified nine “primary”, nine “secondary”, and five “eliminated” 
sites from the 23 locations in the 2012-2014 phase of the project.  As per project goals, 
five of the “primary” class sites were considered more closely for management plan 
suggestions.  These and more detailed results as well as full matrix categories can be 
found in the final report, submitted to the Iowa DNR in May of 2014 (Konrady and Morris 
2014).  These classification proportions were similar to those developed for the 22 sites 
of the benchmark 2009-2012 phase of the project, which were calculated by fisheries 
biologists on an individual basis; a more time consuming process.   
The matrix performed well when handling a large number of sites.  The matrix 
scores presented a simplified way of dealing with wide varieties of statistical and 
observational data at one time.  Additionally, PCA allows fisheries biologists to identify 
those components of a fishery investigation that have the most and least impact on the 
prioritization process; for instance, pond physical structure (depth and contour) had 
more impact than vegetation density and species composition.  Overall themes from the 
analysis indicated that biotic factors were secondary to abiotic when identifying high-
potential urban fishery sites.  This could be linked to regional Iowa DNR staff 
preference, as the benchmark data used to calibrate the PCA model was largely 
influenced by their decisions.  Additionally, the fisheries management toolset 
emphasizes the importance of abiotic characteristics as the biotic factors are often more 
easily modified.  
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These results highlight the strengths of a site selection matrix system, particularly 
its adaptability.  Using benchmark data from another region, a larger data set, or 
different classes of lakes individually (e.g., only pit-type lakes) will allow fisheries 
biologists to consider important features of each particular scenario while still having a 
standardized structure as a basis for investigation.  This structure also allows for 
implementation in competitive grant situations (like the Urban Fishing Fund) while 
retaining an objective selection process.  This objectivity can be useful to fisheries 
biologists when reporting results to local stakeholders. 
The results also identified some shortcomings of the matrix system as it is 
currently implemented.  A lack of statistical resolution was encountered when evaluating 
lakes based on the 5-point rubric system, leading to oversimplified correlations.  Also, 
working with ordinal data scales such as a Likert scale is neither a common nor 
comfortable situation for many fisheries management professionals who predominantly 
rely upon parametric statistics (Norman 2010).  This indicates another shortfall of the 
matrix system given the inherent complexity of the analysis involved.  Non-parametric 
and multivariate procedures (such as PCA) are becoming more common in fisheries 
research; however, not all professionals have been exposed to these procedures 
causing methods and results to be occasionally confusing (Paukert and Wittig 2002). 
Identifying these shortfalls and strengths will help guide future development of 
the matrix evaluation system.  The 5-point ranking range per category should be 
expanded to provide more separation among lakes.   The USDA Stream Visual 
Assessment Protocol utilizes a 10-point system (USDA 1998, 2009).  A similar, more 
fine-scaled approach will allow for additional variance, particularly for categories that 
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incorporate observational data.  The increased resolution offered by an expansion of the 
current system would also aid in avoiding any ties within the ranking system, thus 
reducing confusion. 
Further refinement of the evaluation matrix should be pursued using statewide 
data sources when available.  The current matrix formulations are based upon a single 
region in Iowa and this system would benefit from expansion.  A committee should be 
formed to critique the existing categories, sampling protocols, and output composition.  
A focus on ease of use should be emphasized. The development of a spreadsheet or 
alternative tool that is simple for field biologists to use, interpret, and generate reports 
about site selection information could be beneficial.   
Additional research into the methodology used by other states for urban fishing 
site selection and development is advised.  A comprehensive review of urban fishing 
programs will allow integration of successful principles into framework for an Urban 
Fisheries Program in Iowa.  The Iowa DNR’s own Lakes Restoration Program may also 
serve as a source of guidance that would be familiar for department staff.  
Further investigations of urban fisheries across the state will be an area of focus 
for the Boone Fisheries Management District.  Intra-agency collaboration and 
cooperation will be vital to properly direct and sustain efforts of a statewide urban 
fisheries program.  An active committee on urban fisheries development will provide the 
opportunity for feedback and guidance from impacted staff.  Continued and renewed 
partnerships with managers at the city, county, and federal levels are also directly tied 
to the future sustainability of a program as a whole (Carter 2012).   
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Iowa’s urban fisheries have the ability to reach a huge number of potential and 
existing anglers in a progressively urbanizing state at a time when the Iowa DNR is 
facing reduced fishing license sales and fishing activity from the populace. Improved 
access and amenities may be the key to engaging, recruiting, and retaining an 
expanded customer base in Iowa.  Identifying more available waters and making them 
desirable locations to visit is the next step towards the goal of increased customer 
service for Iowa’s urban anglers. 
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